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FOREWORD 
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SUMMARY 
In the competition for the XV-15 tilt rotor research demonstra- 
tor aircraft contract, the Boeing Vertol design featured a 
composite material hingeless rotor system. This was sufficient- 
ly different from the gimballed rotor of the selected Bell con- 
figuration, and had sufficient intrinsic merit to stimulate 
interest in the idea of flying the Boeing hingeless rotor on 
the XV-15 at a suitable point in the demonstrator aircraft 
program. 
The subject contract (NAS2-9015), was a design integration 
feasibility study to investigate what modifications to the basic 
XV-15 were necessary to accomplish such a flight demonstration 
and also to explore additional modifications which would ex- 
ploit the full capability provided by the combination of the 
new rotor and the existing T53 engine. This implied an up- 
graded transmission. Other modifications considered desirable 
were relocation of the engines to a non-tilting position out- 
board of the rotor, and replacement of the current mechanical 
controls by a fly-by-wire system. 
The cost of the proposed program is minimized by the retention 
of existing W-15 systems wherever possible. The cross shaft- 
ing is unchanged and wing modifications are limited to those 
required for interfacing with the new nacelle and providing 
carryover structure to the engine. The existing XV-15 engines 
are retained eliminating the cost of new engine procurement. 
iii 
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The new t r ansmis s i cn  and i t s  components a r e  f u l l y  i n t e r -  
changeable from r i g h t  t o  l e f t  hand s i d e ,  and a h igh  degree  of 
r e l i a b i l i t y  i s  guaran teed  by c o n s e r v a t i v e  des ign  and t h e  use  
of s t a t e - o f - t h e - a r t  components which have been t h e  s u b j e c t  of  
e x t e n s i v e  t e s t  v a l i d a t i o n  i n  h e l i c o p t e r  a p p l i c a t i o n s .  A major 
des ign  o b j e c t i v e  was e a s e  o f  i n s p e c t i o n  and maintenance.  This  
i s  provided by a  modular l a y o u t  which a l lows  removal of t h e  
engine wi thou t  d i s t u r b i n g  o t h e r  components and by a c c e s s  pane l s  
through which engine or power t r a i n  a c c e s s o r i e s  may be in-  
spec t ed  o r  removed. 
The proposed fly-by-wire c o n t r o l  system c o n f i g u r a t i o n  i s  a  
t r i p l e x  self -monitored analog Primary F l i g h t  Cont ro l  System 
(PFCS) i n t e r f a c e d  w i t h  a  dua l  analog S t a b i l i t y  and Cont ro l  
Augmentation System (SCAS). Both d i g i t a l  and ana log  compu- 
t a t i o n  were cons idered  f o r  both PFCS and SCAS, and t h e  ana log  
was s e l e c t e d  on t h e  b a s i s  of  minimizing program r i s k s  r e l a t e d  
t o  e l ec t romagne t i c  i n t e r f e r e n c e  t o l e r a n c e ,  c o n f i g u r a t i o n  con- 
t r o l ,  and development c o s t .  
I n  a d d i t i c n ,  t h e  degree  of  complexity of t h e  SCAS d i d  n o t  pre-  
s e n t  a  compelling need f o r  d i g i t a l  r a t h e r  t h a n  ana log  mechani- 
z a t i o n .  The o t h e r  major d e c i s i o n  was whether t h e  p i l o t  and 
au tomat ic  c o n t r o l  channels  would s h a r e  a  c e n t r a l  computer, o r  
have s e p a r a t e  computers t o  i n t e r f a c e  wi th  t h e  a c t u a t o r s .  I n  
t h e  f i r s t  c a se  t h e  p i l o t  and s t a b i l i z a t i o n  s i g n a l s  a r e  mixed 
i n  a c e n t r a l  computer which would probably be d i g i t a l .  The 
second approach provides  d i r e c t  p i l o t  c o n t r o l  of t h e  a c t u a t o r s  
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v i a  a r e l a t i v e l y  s i n p l e  p a t h .  Assuming t h e  a i r c r a f t  can be  
flown wi thou t  augmentation,  f l i g h t  s a f e t y  is v e s t e d  i n  t h i s  
pa th ;  augmentation i s  v i a  a  s e p a r a t e  p a t h  w i t h  redundancy 
s u i t e d  t o  miss ion  requi rements .  Th i s  l a t t e r  approach is  t y p i -  
cal  of  systems found i n  c u r r e n t  a i r c r a f t  and is recommended 
f o r  XV-15 a p p l i c a t i o n s .  The redundancy management scheme uses  
independent  i n - l i n e  se l f -moni tor ing  of  each channel .  Th i s  
pe rmi t s  t h e  t r i p l e x  system t o  be d u a l  f a i l - f u n c t i o n a l  because 
each  channel  independent ly  d e t e c t s  i t s  own f a i l u r e s .  Th i s  
pe rmi t s  s i m p l i f i c a t i o n  o f  t h e  c o n t r o l  l o g i c  and p r e v e n t s  any 
p o s s i b l e  f a i l u r e  propaga t ion  o r  e l e c t r i c a l  i n t e r f e r e n c e  be- 
tween channels .  
A major mi l e s tone  i n  t h e  proposed program is  a  f u l l  s c a l e -  
test i n  t h e  NASA Ames 4 0 ' x 8 0 1  t unne l .  The tes t  a r t i c l e  would 
be t h e  replacement n a c e l l e  package and r o t o r  mounted on a  
semi-span wing. I t  would i n c l u d e  t h e  replacement  r o t o r  and 
n a c e l l e  components (e .g . ,  hub, t r ansmis s ion ,  tilt a c t u a t o r  
a c c e s s o r i e s ,  e t c . ) ,  and fly-by-wire a c t u a t o r s  f o r  t h e  swash- 
p l a t e .  These would b e  c o n t r o l l e d  us ing  t h e  a i r c r a f t  PFCS 
pane l  and maintenance ;nit .  
The c i r c u i t  c a r d s  and wi r ing  necessary  t o  c o n t r o l  t h e  t es t  
r o t o r  would be i d e n t i c a l  wi th  t h e  f i n a l  a i r c r a f t  de s ign .  
A s u c c e s s f u l  demons t ra t ion  i n  t h e  4 0 ' x 8 0 1  t u n n e l  would s i g n a l  
t h e  go-ahead f o r  f u l l  implementation of  t h e  program. 
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An  evaluation of the  a i r c r a f t  resu l t ing  from such a program 
i s  reported i n  the  t e x t  and the  data ind ica te  improved a i r  
-,hicle performance, acceptable ae roe l eas t i c  margins, lower 
noise l eve l s  and improved f ly ing q u a l i t i e s  compared w i t h  the  
XV-15 a i r c r a f t .  Inspection of the  ro tor  system data provided 
shows an e s sen t i a l l y  unlimited l i f e  ro tor  f o r  the  f l i g h t  
spectrum an t ic ipa ted  fo r  the  XV-15. 
Project  planning data  t a  provide the  d e t a i l  design, fabr icat ion 
and t e s t i ng  of these systems i~ reported i n  Volume 11. 
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INTRODUCTION 
There is an i n c r e a s i n g  need f o r  V/STOL a i r c r a f t  f o r  m i l i t a r y  
and s p e c i a l  purpose c i v i l  a p p l i c a t i o n s .  Advanced concepts  such 
a s  t h e  tilt r o t o r  provide  improvements i n  speed ,  range ,  and 
payload,  g i v i n g  inc reased  a i r c r a f t  p r o d u c t i v i t y ,  improved f u e l  
economy, m d  improved miss ion  e f f e c t i v e n e s s .  The c u r r e n t  XV-15 
reseaz  :h a i r c r a f t  aroject is aimed a t  v e r i f y i n g  t h e  f e a s i b i l i t y  
of ?he . i l t  r o t o r  concept  and t h e  i n v e s t i g a t i o n  of t h e  b a s i c  
s t a b i l i t y ,  performance,  and handl ing  q u a l i t i e s  of  t h e  v e h i c l e .  
The XV-15 c u r r e n t l y  i n c o r p o r a t e s  a r o t o r  and c o n t r o l  system 
based on 1968 technology.  The use of advanced r o t o r  systems 
w i t h  i n t e g r a t e d  r o t o r  and a i r p l a n e  c o n t r o l s  u t i l i z i n g  fly-by- 
wire concepts  w i l l  f u r t h e r  enhance tilt r o t o r  performance,  
maneuverab i l i ty ,  g u s t  s e n s i t i v i t y ,  r i d e  comfort  and r o t o r  b l ade  
l i f e .  
The Boeing Ver to l  Company, both in-house and under c o n t r a c t ,  
has  been developing t h e  technology of advanced, c o m p o s ~ t e ,  
h i n q e l e s s  r o t o r  systems a s  w e l l  a s  i n t e g r a t e d  r o t o r / a i r p l a n e  
c o n t r o l  systems u t i l i z i n g  fly-by-wire concepts .  These e f f o r t s  
have included both a n a l y t i c a l  and exper imenta l  s t u d i e s  and 
have i n d i c a t e d  improved c a p a b i l i t i e s  t h a t  w i l l  broaden t h e  
p o t e n t i a l  a p p l i c a t i o n  of t h e  tilt r o t o r  c o n c e r t  i n  t h e  
1980 ' s .  
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The purpose of t h i s  s t u d y  (performed under NASA Con t r ac t  NAS2- 
9015) i s  t o  have t h e  Boeing Vertc 1 Company p rov ide  t h e  Govern- 
ment w i th  h e  necessary  p re l imina ry  des ign  and program p lanning  
in format ion  f o r  an advanced, composi te ,  h i n g e l e s s  r o t o r  system 
and fly-by-wire c o n t r o l  system on t h e  XV-15 r e s e a r c h  a i r -  
c r a f t .  
Th is  s t udy  i s  viewed a s  t h e  f i r s t  s t e p  of a p o s s i b l e  long 
r a r g e  t h r e e  s t e p  p l a n  wi th  ecch p o s s i b l e  f u t u r e  s t e p  dependent 
upon t h e  r e s u l t s  ob t a ined  from t h e  preced ing  s t e p .  The f i r s t  
s t e p  i s  t h e  s u b j e c t  of t h i s  r e p o r t ,  namp1.y a  s tudy  t o  d e t e r -  
mine t h e  f e a s i b i l i t y  and p r a c t i c a l i t y  of moaifying dn XV-3 5 
t i l t - r o t o r  a i r c r a f t  w i th  an advanced r o t o r  and o t h e r  a2vanced 
sysrems, and f o r  p r e l imina ry  des ign  ar? a s s o c i a t e d  p l a n s  f o r  
a 40- by 80-foot wind t u n n e l  i n v e s t i g a t i o n .  S t e  two, n o t  p a r t  8 
of t h e  scope of work r e p o r t e d  h e r e i n ,  would be f o r  d e t a i l  
de s ign ,  f a b r i c a t i o n ,  and conduct of tests of a f u l l - s c a l e  r o t o r  
on a wing semi-span i n  t h e  40- by 80-foot wind t u n n e l .  Assuming 
succes s  of s t e p  two and funding a v a i l a b i l i t y ?  s t e p  5h ree  would 
be f o r  mod i f i ca t i on  of  XV-15 a i r c r a f t .  
The o b j e c t i v e s  of t h i s  s tudy  a r e :  (a )  t o  p rov ide  p re l imina ry  
des ign  d a t a  showing how t h e  Boeing 26-foot s o f t - i n - p l a n e  hinge-  
less r o t o r  system and a fly-by-wire c c n t r o l  system could  be 
mounted on t h e  XV-15 tilt r o t o r  r e s e a r c h  a i r c r a f t ;  ( b )  t o  
e v a l u a t e  t h e  performance,  f l y i n g  q u a l i t i e s ,  n o i s e ,  and o p e r a t -  
i ng  limits of  t h e  modified a i r c r a f t ;  ( c )  submit  an o v e r a l l  
p r o j e c t  p l - n  f o r  d e s i g n ,  f a b r i c a t i o n ,  wind t u n n e l  t e s t i n g ,  
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and f l i g h t  t e s t i n g  i n v e s t i g a t i o n s  necessary t o  suppor t  modi- 
f i c a t i o n  of t h e  XV-15 a i r c r a f t .  
Each of these  ob jec t ives  is t h e  s u b j e c t  o r  a major s e c t i o n  of 
t h i s  r epor t .  The prel iminary design d a t a  a r e  described i n  
Sect ion 2.  The technologica l  c h a r a c t e r i s t i c s  a r e  d iscussed 
i n  Sect ion 3.0 and a p lan  t o  develop t h e  hardware, and t o  
perform the  t e s t i n g  and evaluat ion  i s  given i n  Volume 11. The 
nota t ion  "HTR-XU-15" r e f e r s  t o  t h e  conf igura t ion  developed i n  
t h i s  study. 
The r \ t o r  system design work included i n  t h i s  r e p o r t  was per- 
formed under I R & D .  D e t a i l s  of t h e  fly-by-wire c o n t r o l  system 
y o v i d e d  by t h e  Bertea Corporation, General E l e c t r i c  Company, 
and Honeywell Corporation, a r e  p ropr ie ta ry  t o  t h e  respec t ive  
companies. 
2.0 DESIGN STUDY 
Thi s  s e c t i o n  of t h e  r e p o r t  documents t h e  des ign  i n t e g r a t i o n  
work performed a s  Task 1 of t h e  s u b j e c t  c o n t r a c t .  I n  t h e  
p r c c e s s  of determining t h e  s p e c i f i c  c o n f i g u r a t i o n ,  s e v e r a l  
t r a d e  s t u d i e s  and o p t i o n  e v a l u a t i o n s  were made and t h i s  d a t a  
i s  r epo r t ed  i n  Appendix I. The drawing tree f o r  t h e  des ign  
s tudy  i s  g iven  i n  F igu re  2  . O .  
2 . 1  BASELINE NACELLE ARRANGEMENT 
The gene ra l  arrangement of t h e  n a c e l l e  i n  an inboard p r o f i l e  
form is  shown i n  Drawing SK-27244 (F igure  2.1) . The g e n e r a l  
arrangement and dimensional  r e l a t i o n s h i p  of t h e  n a c e l l e  t o  
t h e  XV-15 a i r c r a f k  a r e  shown i n  Drawinj SK-27243 (F igure  2 .2 ) .  
A b a s i c  schematic  l ayou t  of t h e  system i n  t h e  n a c e l l e  i s  
shown i n  Drawing SK-27256. 
The n a c e l l e  assembly c o n s i s t s  of two b a s i c  bodies  a longs ide  
each o t h e r  w i t h  t h e  r o t o r  n a c e l l e  inboard  nex t  t o  t h e  w ing t ip  
and t h e  engine  n a c e l l e  j u s t  outboard.  The inboard  n a c e l l e  i s  
made up of two s e c t i o n s  - a t i l t i n g  r o t o r  n a c e l l e  forward and 
a  f i x e d  n a c e l l e  a f t e rbody .  The outboard engine  n a c e l l e  i s  
f i x e d .  The t i l t i n g  r o t o r  n a c e l l e  i s  d r i v e n  by t h e  same l i n e a r  
hydromechanical a c t u a t o r  mounted i n  t h e  wing i n  t h e  same manner 
a s  t h e  c u r r e n t  XV-15, and moves t h e  n a c e l l e  through t h e  same 
95' t o t a i  angular  range from hover t o  c r u i s e  f l i g h t .  Because 
of t h e  d i f f e r e n c e  i n  t h e  new n a c e l l e  con tou r ,  a  new tilt 
a c t u a t o r  f a i r i n g  w i l l  be r e q u i r e d ,  however. The HTR n a c e l l e  










c u r r e n t  XV-15 arrangement i n  t h a t  a s p i n d l e  p ro t rud ing  i n -  
board from t h e  n a c e l l e ,  c o n c e n t r i c  w i th  and surrounding t h e  
d r i v e  c r o s s - s h a f t ,  i s  i n s e r t e d  i n t o  f i t t i n g s  i n  t h e  wing mounted 
o f f  t h e  back of t h e  r e a r  s p a r .  The d i f f e r e n c e  is  t h a t  wh i l e  
t h e  c u r r e n t  XV-15 nacell'e s p i n d l e  i s  set i n  s l e e v e  bea r ings  
s o  it can r o t a t e  through 95O ( h e r e  t h e  whole n a c e l l e  t i l t s )  , 
t h e  new HTR s p i n d l e  does n o t  r o t a t e  dur ing  n a c e l l e  tilt because 
it must keep t h e  engine n a c e l l e  and inboard n a c e l l e  a f te rbody 
f i x e d .  A t o rque  r e a c t i o n  arm p o r t i o n  of n a c e l l e  f i x e d  s t r u c -  
t u r e ,  of which t h e  i n s e r - e d  s p i n d l e  i s  a l s o  a p a r t ,  is t i e d  t o  
t h e  w ing t ip  c l o s i n g  r i b  t o  keep t h e  syptem from r o t a t i n g  
( t i l t i n g ) .  The t i l t i n g  r o t o r  n a c e l l e  i s  supported from t h i s  
f i x e d  n a c e l l e  s t r u c t u r e  by two s leeve- type  t runn ion  bea r ings  
c o n c e n t r i c  w i th  and surrounding t h e  d r i v e  c ros s - sha f t .  The 
c ros s - sha f t  through t h e  n a c e l l e  i s  swept forward 5.5' t o  match 
up wi th  t h e  XV-15 wing c ros s - sha f t  s e c t i o n s  j u s t  inboard of 
t h e  i n s e r t e d  n a c e l l e  suppor t  s p i n d l e .  The n a c e l l e  power d r i v e  
system c o n s i s t s  of a r i g h t  ang le  beve l  g e a r  t r ansmis s ion  
connect ing t h e  engine  t o  t h e  c r o s s - s h a f t i n g ,  an i n t e r m e d i a t e  
t r ansmis s ion  wi th  a beve l  gea r  set  connect ing t h e  r o t o r  d r i v e  
t o  t h e  c r o s s - s h a f t  i n  a manner a l lowing  t h e  r o t o r  n a c e l l e  t o  
tilt, a r o t o r  tsansraiss ion c o n s i s t i n g  of a s i n g l e  s t a g e  
p l a n e t a r y  g e a r  set t o  reduce speed t o  r o t o r  RPM, and t h r e e  
s h o r t  s e c t i o n s  of connect ing s h a f t i n g .  The i n t e n n e d i a t e  and 
r o t o r  t r ansmis s ions  a r e  mounted t o  t i l t i n g  n a c e l l e  s t r u c t u r e ;  
t h e  engine  t r ansmis s ion  is mounted d i r e c t l y  t o  t h e  f i x e d  engine  
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nose case.  
The t i l t i n g  r o t o r  n a c e l l e  is comprised of t h e  r o t o r  assembly, 
including upper c o n t r o l s ,  r o t o r  support  s t r u c t u r e ,  two d r i v e  
t ransmiss ion ,  s h a f t i n g ,  accessory d r i v e  aystem, and var ious  
subrystem components. E l e c t r i c a l ,  lube o i l ,  and hydraul ic  
l i n e s  must pass ac ross  t h e  tilt j o i n t  from t h e  f ixed  af terbody 
sec t ion .  I t  is  bel ieved t h a t  t h i s  can be e f f e c t e a  simply by 
properly guided s l a c k  loops i n  t h e  l i n e s  over ,  under, and along- 
s i d e  t h e  in termedia te  t ransmission with no s p e c i a l  t r a n s f e r  
j o i n t s  required s i n c e  t h e  n a c e l l e  t i l t s  only 9S0  maximum. 
Guides must be provided t o  keep s l a c k  l i n e s  from contac t ing  
t h e  r o t a t i n g  c ross - sha f t  component9 and avoid chafing.  A l l  
r o t o r  loads o t h e r  than torque a r e  taken through t h e  r o t o r  
mounting bearing i n t o  t h e  upper cover ,  and then d i r e c t l y  a f t  
( o r  down i n  hover f l i g h t )  through t h e  n a c e l l e  s t r u c t u r a l  
s h e l l  t o  t h e  a f t  bulkhead and mounting trunnion bea r ings ,  and 
on t o  t h e  n a c e l l e  f ixed  s t r u c t u r e  (and wings) .  These loads 
do not  feed i n t o  t h e  t ransmiss ions .  The upper cover is bo l t ed  
i n  s i x  p laces  t o  f i t t i n g s  on t h e  s t r u c t u r a l  s h e l l .  The r o t o r  
n a c e l l e  s t r u c t u r a l  diameter  is nine  inches l e s s  than t h e  
n a c e l l e  b a s i c  ou t s ide  diameter t o  allow space wi th in  contour 
f o r  t h e  r o t o r  power a c t a u t o r s  and t h e i r  a s soc ia ted  hydraul ic  
and e l e c t r i c  harnesses o u t s i d e  t h e  s t r u c t u r e .  These components 
a r e  r e a d i l y  access ib le  v i a  non-s t ruc tura l  panels  i n  t h e  
n a c e l l e  f a i r i n g  skin .  The in termedia te  t ransmission is simply 
mounted with four  b o l t s  t o  t h e  a f t  bulkhead of t h e  s t r u c t u r a l  
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s h e l l ,  w e l l  away from t h e  r o t o r  load  p a t h s .  The two tilt 
n a c e l l e  t r ansmis s ions  a r e  connected by a s h a f t  and f l e x i b l e  
coupl ing  d r i v e  system i n c o r p o r a t i n g  to rque  and speed senso r s .  
The r o t o r  hub i s  flange-mounted t o  t h e  main t r ansmis s ion  o u t ~ u t  
s h a f t .  The r o t o r  c o n t r o l  swashpla te  assembly is l o c a t e d  
between t h e  hub and upper cove:. Accessor ies  are housed i n  an 
e a s i l y  a c c e s s i b l e  unders lung bay o u t s i d e  t h e  n a c e l l e  b a s i c  
s t r u c t u r e  and covered wi th  l i g h t ,  removeable f a i r i n g  s k i n  p a n e l s ,  
The accessory  d r i v e  gearbox iAGB), one p e r  n a c e l l e ,  i s  powered 
whenever r o t o r s  a r e  t u r n i n g ,  being d r i v e n  o f f  t h e  i n t e r m e d i a t e  
t r ansmis s ion  v i a  a s h o r t  s h a f t  and coupl ing  system. The AGB 
powers hydrau l i c  pumps, a f l i g h t  c o n t r o l  g e n e r a t o r  (on one 
s i d e ) ,  v a r i o u s  d r i v e  system lube  pumps, and a l s o  cont fnuous ly  
d r i v e s  a blower p u l l i n g  a i r  through t h e  t r ansmis s ions  c o o l e r  
and on through t h e  accessory  compartment. O i l  t anks  f o r  both 
main and engine  t r m s m i s s i o n  a r e  a l s o  loca t ed  i n  e a s i l y  
a c c e s s i b l e  l o c a t i o n s  o u t s i d e  n a c e l l e  s t r u c t u r e .  The accessory 
s e c t i o n ,  o i l  t a n k s ,  and i n t e r m e d i a t e  t r ansmis s ion  o i l  pump 
a l l  tilt wi th  t h e  r o t o r ,  w i th  t h e  l a t t e r  s l i p p i n g  o u t  of a 
c a v i t y  i n  t h e  a f te rbody f a i r i n g  as t h e  n a c e l l e  t i l t s  up f o r  
hover f l i g h t .  
The f i x e d  a f t e rbody  s e c t i o n  of  t h e  inbaard  n a c e l l e  con t inues  
t h e  smooth c r u i s e  f l i g h t  e x t e r n a l  contours  a f t  t o  a r e a r  end 
f a i r i n g  which i s  a c o n t i n u a t i o n  o f  t h e  wing t r a i l i n g  edge.  Th i s  
s e c t i o n  con ta ins  t h e  f i x e d  n a c e l l e  s t r u c t u r e  t y i n g  t h e  engine  
n a c e l l e  t o  t h e  w ing t ip  and provid ing  t h e  bear ing  suppor t s  f o r  
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t h e  r o t o r  n a c e l l e .  I t  a l s o  mounts and houses subsystem 
components, an6 i n c o r p o r a t e s  a  c l amshe l l  f a i r i n g  door on i ts 
upper s u r f a c e  which is d r i v e n  open by t h e  t i ~ t i n g - u p  a c t i o n  
of  t h e  r o t o r  n a c e l l e .  This  door  is hinged on t h e  n a c e l l a  
s t r u c t u r e  and s p r i n g  pre loaded  a g a i n s t  t h e  r o t o r  n a c e l l e  s o  
t h e  t o t a l  body w i l l  be smoothly f a i r e d  i n  c r u i s e  f l i g h t  and 
remain a g a i n s t  t h e  n a c e l l e  s u r f a c e  i n  hover f l i g h t .  The 
s e c t i o n  of  t h e  n a c e l l e  a f t  of the door  is made up of  remove- 
a b l e  f a i r i n g s  so t h a t  quick access t o  components w i t h i n  may 
be gained.  These items inc lude  h y d r a u l i c  modules, v a l v e s ,  
and accumulators ,  engine  f i r e  e x t i n g u i s h a n t  b o t t l e s ,  and i n  
one n a c e l l e  b leed  a i r  l i n e  components. A l l  powerplant s e r v i c e  
l i n e s ,  i n c l u d j r ~ g  main e l e c t r i c a l  harness  and ful 1 l i n e ,  run 
from t h e  wing t ip  ac ros s  this f i x e d  a f te rbody s e c t i o n  t o  t h e  
engine  compartment. 
The engine  n a c e l l e  is mounted d i r e c t l y  t o  and outboard of t h e  
above f i x e d  a f t e rbody  s t r u c t u r e .  I t  c o n t a i n s  t h e  eng ine ,  power- 
p l m t  subsystem items inc lud ing  t h e  engine  o i l  t a n k ,  cowling,  
and engine t r ansmis s ion .  The t r ansmis s ion  is mounted on t h e  
e q i n e  i n  a  f a i r e d  b u l l e t  centerbody w i t h i n  t h e  engine  a i r  
i n l e t  annulus.  The e n ~ i n e  i n l e t  is designed a s  a  compromise 
between low and h igh  speed f l i g h t  c o ~ d i t i o n s  as is t h e  t a i l  
p ipe .  The o u t e r  forward annulus  of t h e  cowl is mounted on t h e  
engine;  t h e  remainder of t h e  cowl e f t  is  t i e d  t o  f i x e d  a f t e r -  
body s t r u c t u r e .  The engine  can be removed upward v i a  a  l a r g e  
remaveable a c c e s s  pane l .  No o t h e r  p a r t  of  t h e  n a c e l l e  i s  
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d i s t u r b e d  du r ing  an engine  removal replacement .  A second 
l a r g e  s e r v i c i n g  a c c e s s  pane l  i s  l o c a t e d  on t h e  bottom of t h e  
cowl. The engine  i s  t h e  i d e n t i c a l  model t o  t h a t  on t h e  
c u r r e n t  XV-15 a i r c r a f t .  The same e l e c t r i c a l  g e n e r a t o r  i s  
mounted a s  an acces so ry  on t h e  engine  pad. I n  t h e  HTR XV-15 
t h e  engine i s  c o n t r o l l e d  a s  p a r t  of t h e  e l e c t r i c  f ly-by-wire 
system. 
2.2 AIRFlW1E STRUCTURE 
2.2.1  S t r u c t u r a l  Arrangement 
The s t r u c t u r a l  arrangement of t h e  HTR XV-15 n a c e l l e  i s  shown 
i n  Drawings SK-27245 (F igu re  2 . 3 ) ,  and SK-27245-1 and -2 
( F i g r e s  2.4 and 2.5)  p e r t a i n i n g  r e s p e c t i v e l y  t o  t h e  t o t a l  
assembly, t i l t i n g  r o t o r  n a c e l l e  s t r u c t u r a l  s h e l l ,  and 
s t r u c t u r a l  adap te r  i n  t h e  f i x e d  n a c e l l e  a f t e rbody .  Drawing 
SK-27245 (F igu re  2.3) shows a  p l a n  view, w i t h  n a c e l l e  i n  
c r u i s e  p o s i t i o n ,  of t h e  major s t r u c t u r a l  e lements  i nc lud ing  
t h e  c u r r e n t  XV-15 wing and f i x e d  and t i l t i n g  n a c e l l e  p o r t i o n s .  
The arrangement was d i c t a t e d  by f o u r  primary f a c t o r s :  
- The d e s i r e  t o  minimize r equ i r ed  m o d i f i c a t i o n s  
t o  t h e  c u r r e n t  wing and r e s u l t i n g  c o s t .  
- The d e c i s i o n  t o  u se  a f i x e d  engine .  
- I n t e g r a t i o n  w i t h  t h e  s e l e c t e d  d r i v e  system 
arrangement,  and s e p a r a t i o n  of r o t o r  load  p a t h s  











































































- Prov i s ion  f o r  i n t e g r i t y  of n a c e l l e  s t r u c t u r e  a long 
wi th  a c c e s s a b i l i t y  of components. 
2 . 2 . 2  Rotor Nace l le  S t r u c t u r e  - (Drawing SK27245-1, F igure  2 . 4 )  
The t i l t i n g  r o t o r  n a c e l l e  s t r u c t u r e  suppor t s  t h e  r o t o r ,  two 
gearboxes,  c o n t r o l s  and a c c e s s o r i e s .  The s h e l l  i s  a semi- 
monocoque sk in / longe ron / s t r i nge r  assembly t i e d  i n  t o  s t i f f e n -  
, . 
i n g  bulkheads a t  each  end. Attach f i t t i n g s  a r e  provided f o r -  
ward f o r  t h e  main t r ansmis s ion  upper cover  through which r o t o r  
l o a d s  a r e  taken.  Forged aluminum ang le  t runn ion  f i t t i n g s  a f t  
p i c k  up t h e  inboard  and outboard n a c e l l e  mounting bea r ings .  
The b r a c k e t s  a r e  s e p a r a t e  bolted-on elements  t o  a i d  i n  n a c e l l e  
disassembly and i n  unhanding t h e s e  assemblies .  Pads a r e  pro- 
v ided  f o r  t h e  tilt a c t a u t o r  ou tpu t  d r i v e ,  r o t o r  c o n t r o l  
a c t u a t o r s ,  main t r ansmis s ion  o i l  sump, and accessory  d r i v e  
i t e m s .  Cut-outs a r e  r e q u i r e d  f o r  acces s  t o  i n t e r i o r  d r i v e  
s h a f t  coupl ings  and f o r  passage of t h e  accessory  gearbox d r i v e  
s h a f t .  Boxed-in backups a r e  provided f o r  t h e  two a f t  bulkhead 
ears which suppor t  t h e  ang le  t runn ions .  
With t h e  except ion  of t h e  o u t p u t  arm, t h e  c u r r e n t  XV-15 tilt 
a c t u a t o r  system, i nc lud ing  wing s t r u c t u r a l  suppor t  and n a c e l l e  
down-stop, is planned f o r  use.  Thus no wing changes should 
be r equ i r ed  i n  t h i s  area. To  confirm t h i s ,  however, more 
d e t a i l  drawings of t h e  XV-15 wing t ip  a r e a  are needed. 
2.2.3 Fixed S t r u c t u r a l  Adapter (Drawing SK27245-2, F igu re  2.5) 
The n a c e l l e  s t r u c t u r e  is f i x e d  t o  t h e  wing by a s p i n d l e  pro- 
t r u d i n g  i n t o _ w i n g t i p  suppor t s  j u s t  a f t  o f  t h e  r e a r  s p a r ,  l i k e  
t h e  XV-15, and by a t o rque  r e a c t i o n  f i t t i n g  ( u n l i k e  t h e  
c u r r e n t  XV-15, t h e  a f t  p a r t  of  t h i s  n a c e l l e  i s  n o n - t i l t i n g ) .  
Th i s  concept  c a l l s  f o r  t h e  c u r r e n t  wing r i b  ( s p i n d l e )  suppor t s  
t o  be  used wi th  t h e  suppor t  bea r ings  removed; t h u s  t h e  new 
s p i n d l e  O.D. can be  about  10-25% g r e a t e r  t han  t h e  e q u i v a l e n t  
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Although Drawing SK-27245-1 (F igu re  2.4) shows t h e  g e n e r a l  
concept  of t h e  n a c e l l e  s t r u c t u r e ,  it r e q u i r e s  upda t ing  t o  
a g r e e  w i t h  t h e  g e n e r a l  arrangement of F igu re  2.2 a s  fo l lows:  
An i n c r e a s e  i n  l e n g t h  of  one inch  from 28.75 
t o  29.75 inches .  
Modified arrangement and l o c a t i o n  around t h e  
pe r iphe ry  o f  upper  cover  a t t a c h  f i t t i n g s  t o  
ag ree  w i t h  main r o t o r  t r ansmis s ion  Drawing SK- 
27249 and a r e s u l t i n g  rearrangement  of s h e l l  
longerons and s t r i n g e r s  t o  match f i t t i n g  
l o c a t i o n s .  
Change i n  cu t -ou t  l o c a t i o n  f o r  acces so ry  d r i v e  
gearbox s h a f t  t o  match SK-27251 AGB. Revis ion 
i n  mounting pads f o r  AGB. Review of  acces s  
ho le  l o c a t i o n s .  
Addi t ion of i n t e r m e d i a t e  r e i n f o r c i n g  r i n g s  nea r  
tilt a c t u a t o r  a t t a c h  and r o t o r  boos t  a c t u a t o r  
mount pads.  
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XV-15 item. Nace l le  l oads  a r e  t aken  i n t o  t h e  wing through 
t h e s e  two suppor t s  except  a d a p t e r  t o rque  r e s t r a i n t  i s  provided 
by a f i t t i n g  t i e d  t o  t h e  w ing t ip  s t r u c t u r e .  Cur ren t ly  t h e r e  
i s  i n s u f f i c i e n t  wing s t r u c t u r a l  des ign  d a t a  t o  determine 
f e a s i b i l i t y  of t h e  t o rque  r e s t r a i n t  shown. 
The f i x e d  a f t  p a r t  of t h e  n a c e l l e  s t r u c t u r e  ( a d a p t e r )  s u p p o r t s ,  
t h e  engine ,  engine-supported i t e m s  ( i n c l u d i n g  cowling and 
engine gea rbox) ,  a f t  n a c e l l e  framing and s k i n ,  subsystem 
components and l i n e s ,  and t h e  t i l t i n g  r o t o r  n a c e l l e  v i a  two 
suppor t  bea r ings  ( p l a i n  s l e e v e  type )  a t  t h e  tilt a x i s .  
The s p i n d l e  and inboard p l a t e  have been combined i n t o  one 
fo rg ing  and t h e  b a s i c  p l a t e  t h i c k n e s s  i nc reased  f o r  more s t i f f -  
ness .  This  p o r t i o n  would be an aluminum fo rg ing  a long  wi th  
t h e  outboard p l a t e ,  t h e s e  be ing  b o l t  connected by a bu i l t -up  
main box assembly having l a t e r a l  s p a r s  and l o n g i t u d i n a l  ribs. 
The forward ends of t h e  p l a t e s  p rov ide  t runn ion  housings f o r  
t h e  r o t o r  n a c e l l e  suppor t  bea r ings .  A s m a l l e r  box assembly 
is  b o l t e d  t o  t h e  main box t o  suppor t  t h e  a f t  engine  mount. 
2.3 DYNAMIC SYSTEMS 
2.3.1 Rotor 
The r o t o r  i s  a t h r e e  b lade  u n i t  of 26-foot d iameter  u t i l i z i n g  
h i n g e l e s s  f i b e r g l a s s  b l a d e s  of  18.85 inch  chord.  The design 
c h a r a c t e r i s t i c s  have been s e l e c t e d  t o  provide  good performance 
throughout  t h e  f l i g h t  regime from hover t o  c r u i s e  f l i g h t .  The 
r o t o r  system c o n s i s t s  of b l a d e s ,  hub assembly, s p i n n e r ,  and 
upper c o n t r o l s  from t h e  p i t c h  arm back t o  t h e  a c t u a t o r  i n p u t  
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s i d e  of t h e  swashplate.  The b lade  and cuff assembly a r e  shown 
on Drawing SK-27253. Drawing SK-27252 d e p i c t s  t h e  r o t o r  hub 
assembly, and t h e  upper con t ro l s  loca ted  between t h e  hub and 
main t ransmission a r e  presented i n  Drawing SK-27255 (Fig.  2.6 
and Fig. 2.7) .  The spinner  and o v e r a l l  arrangement of t h e  
r o t o r  is shown i n  Drawing SK-27244. The r o t o r  i s  charac te r -  
ized  by a one-piece bas ic  hub and a two pin blade r e t e n t i o n  
connecting p i t c h  s h a f t  and blade r o o t  j u s t  ouboard of  t h e  hub. 
N o  f lapping o r  lead-lag hinges a r e  p resen t  - t h e  inboard sec- 
t i o n  of t h e  b lade  shank provides t h e  requi red  f l e x i b i l i t i e s  of  
t h e  r o t o r .  The r o t o r  hub is  designed with a minimum of p a r t s  
t o  promote r e l i a b i l i t y  and ease  maintenance problems. 
2.3.1.1 Blade and Cuff 
The design d a t a  f o r  t h e  blade and cuff were produced under t h e  
I R & D  program, and a r e  considered p ropr ie ta ry  t o  The Boeing 
Company. These d a t a  a r e  provided i n  Appendix 11. 
2.3.1.2 Hub 
-
The hub design t o  accommodate t h e  twin p in  blade r e t e n t i o n  is 
considered p ropr ie ta ry  t o  The Boeing Company, and was performed 
under t h e  IR&D program. This  d a t a  i s  provided i n  Appendix 11. 
2.3.1.3 Spinner  
The r o t o r  sp inner  provides an aerodynamic f a i r i n g  f o r  t h e  r o t o r  
under t h e  higher  speed condi t ions  of c r u i s e  f l i g h t .  I t  con- 
sists of a conica l  forward s e c t i o n ,  a drum-type af terbody 
s e c t i o n  matching with t h e  contour of t h e  non-rotat ing 
f a i r i n g ,  and risers and f i l l - i n  panels  f o r  each r o t o r  
n a c e l l e  
blade.  
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The s p i n n e r  i s  suppor ted  by t h e  hub. Forward and a f t  s p i n n e r  
bulkheads a r e  mounted on f r o n t  and back f a c e s  of t h e  hub w i t h  
t h e  s p i n n e r  forward s e c t i o n  b o l t e d  t o  t h e  o u t e r  pe r iphe ry  of 
t h e  forward bulkhead. The c o n i c a l  forward s e c t i o n  is  con- 
s t r u c t e d  of f i b e r g l a s s  t o  i n t e g r a t e  w i t h  t h e  i n s t a l l a t i o n  of  
t h e  i n s t rumen ta t i on  t e l e m e t r y  t r a n s m i t t e r  system wherein  a 
t r a n s m i t t e r  i s  mounted on t h e  r o t o r  hub f r o n t  f a c e .  The 
s p i n n e r  a f t e rbody  has  cu t -ou t s  f o r  each  b l ade  shank and employs 
sma l l  b u i l t - u p  r i s e r  o r  ' i s l a n d '  s e c t i o n s  matching wi th  t h e  
forward con tou r s  of t h e  b l ade  cu f f  inboard  s t a t i o n  and d r i v e n  
through t h e  b l ade  a n g l e  range a s  r e q u i r e d  by t h e  r e c t a n g u l a r  
s e c t i o n  of t h e  l o c a l  b l ade  shank. Removeable f i l l - i n  pane l s  
behind each b l ade  h o l e  complete t h e  sp inner .  assembly. The 
bulkhead and a f t e rbody  s e c t i o n s  of t h e  s p i n n e r  a r e  c o n s t r u c t e d  
of aluminum a l l o y .  
2.3.1.4 Upper Con t ro l s  
The p re l imina ry  des ign  of t h e  upper c o n t r o l s  i s  shown i n  
Shee t s  1 and 2 of SK-27255 (F igu re s  2.6 and 2 . 7 ) .  The swash- 
p l a t e  i s  of conven t iona l  de s ign  and i s  suppor ted  by f o u r  
s c i s s o r s  on t h e  s t a t i o n a r y  s i d e  which c e n t e r  t h e  assembly a s  
w e l l  a s  r e a c t i n g  t h e  s t a t i o n a r y  r i n g  t o rque .  The r o t a t i n g  
s i d e  i s  d r i v e n  by two s c i s s o r s  p rov id ing  redundancy a s  w e l l  
a s  ba lance .  
I n  t h i s  i n s t a n c e  redundancy c o s t s  no a d d i t i o n a l  weight  s i n c e  




Th i s  t ype  of arrangement i s  e s s e n t i a l l y  t h e  same a s  t h e  YUH-61A 
and can accommodate t h e  c o n t r o l  motions necessary  f o r  t h e  
HTR XV-15 a s  shown i n  F igure  2 . 7 .  
2.3.2 Drive T r a i n  
2 .3 .2 .1  System Desc r ip t ion  
The HTR XV-15 d r i v e  system connec ts  two Lycoming LTClK-4K 
engines  t o  a  Boeing r o t o r  system and i n t e r f a c e s  t h e  e x i s t i n g  
B e l l  c r o s s  s h a f t  d r i v e  inboard of t h e  n a c e l l e s .  A schematic  
of t h e  system is ahown i n  F igure  2.8. A primary des ign  objec-  
t i v e  of  the d r r v e  system has  been t o  main ta in  t h e  s i m p l e s t  and 
most e f f i c i e n t  arrangement c o n s i s t e n t  w i th  t h e  n a c e l l e  and 
wing conf igu ra t ion .  The Boeing d r i v e  system is designed t o  
c u r r e n t  s t a t e - o f - t h e - a r t  c r i t e r i a  and a l lowab le s ,  and thus  
zep resen t s  a  minimum-risk approach. 
Arrangement (SK-27244, F igu res  2.2 and 2.8) - Forward o f  each 
engine ,  a  r i gh t - ang le  beve l  gearbox t r a n s m i t s  power t o  t h e  
r o t o r  system and c r o s s  s h a f t .  The ou tpu t  g e a r  d r i v e s  t h e  
r o t o r  system through an overrunning c l ~ t c h ,  a l lowing f o r  
engine-out ope ra t ion .  The engine  beve l  gearbox is connected 
t o  t h e  i n t e rmed ia t e  box through a  t u b u l a r  d r i v e  s h a f t  and 
f l e x i b l e  coupl ings .  The r a t i o  of  t h e  engine box i s  se t  t o  
main ta in  t h e  e x i s t i n g  XV-15 maximum c r o s s  s h a f t  rpm of  6392. 
A g e a r  r a t i o  of 3.27 r e s u l t s .  
The in t e rmed ia t e  gearbox i n c o r p o r a t e s  a  beve l  mesh t o  d i r e c t  
power t o  t h e  r o t o r  a s  well a s  a  th rough-shaf t  t o  connec t  t o  
t h e  wing c r o s s  s h a f t .  The beve l  g e a r  r educ t ion  r a t i o  is set  




























i n  t h e  r o t o r  gearbox. The r e s u l t a n t  r a t i o  is 2 . 2 2  t o  1. 
The r o t o r  box uses  t h e  same r a t i o  (5 .18)  and number of plane-  
t a r i e s  a s  t h e  h igh ly  s u c c e s s f u l  YUH-61A p l a n e t a r y ,  and is i n  
e f f e c t  a scaled-down v e r s i o n  of  t h i s  p l a n e t a r y  system on 
which over  4,400 test  h o u ~ s  have been accumulated. The 
forward end of t h e  r o t o r  box comprises s r o t o r  s h a f t  and hub 
mounting f l a n g e  and a cover  assembly t o  r e a c t  r o t o r  l oads  t.o 
t h e  n a c e l l e  s t r u c t u r e .  The d i r e c t  load  pa th  provided by t h e  
cover e l i m i n a t e s  r o t o r  l o a d s  and consequent d i s t o r t i o n s  from 
t h e  gea r  t r a i n .  Fu r the r  i s o l a t i o n  of r o t o r  l oads  is provided 
by t h e  f l e x i b l e  coupl ing d r i v e  s h a f t  between t h e  r o t o r  and 
in t e rmed ia t e  boxes. 
A i r x a f t  a c c e s s o r i e s ,  l u b r i c a t i o n  pumps and o i l  c o o l e r  blower 
a r c  d r iven  by an accessory  gearbox mounted below, and d r iven  
from, an ex t ens ion  of t h e  i n t e rmed ia t e  box. 
2 . 3 . 2 . 2  Gearboxes 
Engine Box (SK-27246, F igures  2 . 9  and 2.10) - The engine  box 
is designed t o  a cont inuous duty r a t i n g  of C-:? (one engine  
i n o p e r a t i v e )  power of  1 7 1 0 .  The  AEO power i n p u t  is  1468. 
There is t h u s  a 1 4 %  margin between des ign  power and normal 
cond i t i on  maximum power, p rovid ing  a r e se rve  c a p a c i t y  f o r  
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The engine box suppor ts  and conta ins  a r i g h t  angle s p i r a l  
bevel  gear  set with a r a t i o  of 3.272 t o  1. This  set is t h e  
h ighes t  speed mesh i n  t h e  power t r a i n ,  b u t  due t o  t h e  moderate 
power requirements,  it apera tes  wi th in  conventional  design 
experience. For examplc. P i t c h  l i n e  v e l o c i t y  of 16,500 fpm 
compares t o  experience with t h e  CH-47C of 30,000 fpm; bearing 
v e l o c i t y  of 1.5 m i l l i o n  compares t o  a DN of 1 . 7  mi l l ion .  
Engine box gear ing  is summarized i n  Table 2.1. Gear m a t e r i a l  i s  
a carbur iz ing  grade CEVM (cornsumable-electrode vacuum m e l t )  
s t e e l  sucn a s  AISI 9310 o r  VASCO X-2.  Gears a r e  carbur ized  
and ground. Axial shiming provis ion  i n  t h e  housing provide 
f o r  c o n t r o l  of t h e  gear  load p a t t e r n  i n  t h e  assembly. 
Bearings a r e  ABEC Class 5 prec i s ion  bear ings .  They w i l l  be 
ind iv idua l ly  designed t o  provide optimum s t r e n g t h  and capaci ty  
f o r  t h e i r  intended usage. A summary of bearing s i z e s  and 
ca lcu la ted  l i v e s  is shown i n  Table 2.2. Each bearing i s  j e t  
lubr ica ted  from passages incorporated i n t o  t h e  housing. Bear- 
ings  a r e  supported i n  t h e  housing by steel l i n e r s .  
The gearbox housing i s  designed a s  a l igh twe igh t ,  high 
s t r e n g t h  magnesium cas t ing  of ZE41A a l l o y .  D e t a i l  s t u d i e s  t o  
be made w i l l  compare c o s t s  and weight of cas t ings  t o  machined 
magnesium b i l l e t s .  I n  experimental ,  smal l - lo t  f a b r i c a t i o n  t h e  
lead  time and c o s t  of completely machined housings may be l e s s  
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FIGURE 2.11. BEARING SCHEMATIC - (REFERENCE SUMMARY 
TABLE 2 . 2 )  
D210-11360-1 
An overrunning c l u t c h  of t h e  sprag type is mounted between 
t h e  output  gear  and s h a f t .  I n  engine-out opera t ion  t h i s  device 
disconnects  t h e  engine and gearbox from t h e  r e s t  of t h e  power 
t r a i n .  Clutch design and s i z i n g  parameters a r e  conventional ;  
t h e  c l u t c h  as  shown is t h e  same a s  t h e  YUH-61A engine gearbox 
u n i t .  Clutch l u b r i c a t i o n  during overrun is provided by an 
a x i a l  o i l  jet can t i l eve red  from t h e  blank end cap. O i l  is 
d i r e c t e d  t o  t h e  s h a f t  I . D .  and is then propel led  by c e n t r i -  
fuga l  f o r c e  t o  t h e  rubbing su r faces .  
The engine gearbox is  t r a n s f e r a b l e  from l e f t  t o  r i g h t  n a c e l l e  
by interchanging output  s h a f t  caps ,  wi th  no i n t e r n a l  changes 
required.  Direct ion of r o t a t i o n  of a l l  elements remains un- 
changed. T r a n s f e r a b i l i t y  requi red  a 90' angle gear  s e t ,  a s  
shown i n  t h e  design. Engineering and f a b r i c a t i o n  c o s t s  a r e  
minimized by t h i s  f e a t u r e .  
The i n t e r f a c e  t o  t h e  LTClK-4K engine allows t h e  use of a 
s t andard ,  unmodified engine d r iv ing  through a ccnventional  
sp l ined  q u i l l  s h a f t .  Engine and transmission o i l  systems 
a r e  e n t i r e l y  separa ted .  Design study conducted during t h i s  
program inves t iga ted  t h e  p o s s i b i l i t y  of ,s inking t h e  gearbox 
former i n s i d e  t h e  engine,  thus  providing a d e s i r a b l e  shor tening 
of t h e  n a c e l l e  package. Modification t o  t h e  s tandard  engine 
would have been required t o  accomplish t h i s ,  however, and it 
was determined t h a t  t h e  e x t r a  c o s t s  involved d id  not  j u s t i f y  
t h e  s e v e r a l  inch advantage i n  length.  
D210-11360-1 
In t e rmed ia t e  - box (SK-27248), F igu re s  2.12 and 2.13 i nco r -  
p o r a t e s  a s p i r a l  beve l  gea r  set of  9 5 . 5 '  inc luded  ang le  t o  
t r a n s f e r  c r o s s - s h a f t  power t o  t h e  r o t o r  gearbox. The des ign  
power f o r  t h i s  mesh i s  equa l  t o  t h e  maximum p e r - r o t o r  power 
of 1468. The r a t i o  change is  2.222 t o  1, I n  a d d i t i o n  t o  
t r a n s f e r r i n g  and r e d i r e c t i n g  r o t o r  power, t h i s  box a l s o  
d r i v e s  t h e  acces so ry  gearbox and an i n t e g r a l  l ube  o i l  pump 
through a second,  s m a l l e r ,  set of beve l  g e a r s .  
The p a r t i c u l a r  d e s i g n  c o n d i t i o n s  of s h a f t  ang l e  and r a t i o  
d i c t a t e d  t h a t  t h e  p in ion  a s  w e l l  a s  t h e  g e a r  be suppor ted  i n  
an overhung b e a r i n g  mounting. The c r o s s - s h a f t  connec t ion  is 
made through a s p l i n e d  q u i l l  s h a f t  from one gearbox i n p u t  
t o  t h e  p in ion  bore .  Both p i n i o n  and g e a r  a r e  suppor ted  i n  
t ape red  r o l l e r  b e a r i n g s ,  p rov id ing  maximum s t i f f n e s s  t o  t h e  
b e n e f i t  of t h e  two members. The r i b  v e l o c i t y  of t h e  h i g h e s t  
speed t ape red  b e a r i n g  i s  7100 fpm. The accep ted  d i v i s i o n  
betweec normal and high-speed t a p e r e d  b e a r i n g s  i s  8000 fpm. 
(High speed bea r ings  have been ope ra t ed  s u c c e s s f u l l y  a t  
24,000 fpm i n  j o i n t  Timken-Boeing V e r t o l  tests f o r  t h e  U.S. 
Army). A t  7100 fpm t h e  s p e c i a l  l u b r i c a t i o n  and i n t e r n a l  
geometry r equ i r ed  f o r  high-speed s e r v i c e  i s  n o t  neces sa ry ,  
and convent iona l  jet  l u b r i c a t i o n  is s u f f i c i e n t .  
T r a n s f e r  of t h i s  box between l e f t  and r i q h t  n a c e l l e s  r e q u i r e s  
two s imple  r e o r i e n t a t i o n s  of components. F i r s t ,  t h e  sunp and 
cover  p l a t e  a r e  in te rchanged  a s  t h e  g e a r  housing i s  r o l l e d  
180'. Second, t h e  upper cover  i s  de tached  and r e o r i e n t e d  180' 
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away from t h e  o r i g i n a l  p o s i t i o n  t o  main ta in  t h e  d i r e c t i o n  
of t h e  accessory  d r i v e .  Ne i the r  change r e q u i r e s  unique 
p a r t s .  
A t h i r d  change depends upon f u r t h e r  d e t a i l  s t u d i e s .  Th i s  
change would z e q u i r e  s u b s t i t u t i o n  of opposite-handed beve l  
g e a r s  t o  main ta in  i d e n t i c a l  g e a r  r e a c t i o n  f o r c e s  i n  l e f t  and 
r i g h t  bui ldups.  A t  some expense i n  weight ,  t h e  bea r ings  can 
be designed t o  accommodate both load ing  c o n d i t i o n s .  There i s ,  
t h e r e f o r e ,  a  t r a d e  between s p a r e s  s tockage  c o s t s  and weight  
between t h e  two approaches.  Non-recurring c o s t s  would be  
e s s e n t i a l y y  i d e n t i c a l  f o r  both.  A s  c u r r e n t l y  des igned ,  i t  
has  been assumed t h a t  t h e  beve l  g e a r s  would be r ep l aced  when 
t r a n s f e r r i n q  between n a c e l l e s .  
Gear,  bear ing  and housing m a t e r i a l s  and f a b r i c a t i o n  methods 
d u p l i c a t e  t h e  engine  box. 
Rotor box (SR-27249) , Figures  2 . 1 4  and 2 . l 5 ,  gea r ing  c o n s i s t s  
o f  a  s.-mp~e, s i n g l e  s t a g e  p l a n e t a r y  of 5.185 r educ t ion  r a t i o .  
The fou r  p l a n e t s  a r e  supported on s p h e r i c a l  r o l l e r  b e a r i n g s ,  
which i n  t u r n  a r e  l oca t ed  on an ex t ens ion  of  t h e  r c t o r  s h a f t .  
The i n t e r n a l  r i n g  gea r  i s  a t t ached  t o  t h e  gea r  ca se  and upper 
cover through m u l t i p l e  b o l t s .  The torque  r e a c t i o n  i s  through 
t h e  b o l t s  t o  t h e  cover ,  t hence  s i x  mounting lugs  
t o  n a c e l l e  s t r u c t u r e .  Forwa-d of t h e  p l a n e t a r y ,  t h e  r o t o r  
loads  a r e  t r a n s f e r r e d  t o  t h e  upper cover  through a  p a i r  of 
high-angle,  c l o s e l y  spaced t ape red  r o l l e r  bea r ings .  Th i s  
arrangement is  a  scaled-down v e r s i o n  of t h e  p l a n e t a r y  and 
FIGURE 2.14. MAIN ROTC 
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r o t o r  s h a f t  s u c c e s s f u l l y  flown i n  t h e  Boeing YUH-61A. A t  t h e  
hub, t h e  i n t e r f a c e  i s  a  m u l t i p l e  b o l t  c i r c u l a r  f l a n g e ,  a l s o  
proven i n  t h e  YUH-61A. 
Trans fe r  between l e f t  and r i g h t  n a c e l l e s  i nvo lves  a s imple  
t r a n s l a t i o n  of t h e  r o t o r  box wi th  no in t e r change  of  de- 
t a i l s .  
The upper cover  has  been designed a s  a  t u rned  p a r t  t o  be made 
from a  forged  aluminum pancake ~ i l l e t .  To ach ieve  t h i s  
end,  r i b s  have been e l imina t ed  a t  some expense i n  s t r u c t u r a l  
e f f i c i e n c y ,  and e x t e r n a l  hoses  connec t  t o  l u b r i c a t o r s  set 
i n t o  t h e  cover .  D e t a i l  s t u d i e s  t o  be made w i l l  d e f i n e  t h e  
weight and c o s t  t r a d e s  of t h i s  approach a s  compared t o  a  
s c u l p t u r e d  p r o f i l e  w i th  i n t e g r a l  r i g s  and lube  passages .  I t  
i s  be l i eved  t h a t  cons ide rab le  c o s t  s av ings  a r e  afforcled by 
t h e  des ign  as  shown. 
Gear,  c a s t  back-housing, and bea r ing  m a t e r i a i s  and p roces ses  
a r e  s i m i l a r  t o  t h e  engine  box a l r e a d y  desc r ibed .  
Accessory box (SK-272511, F igu res  2.16 and 2.17,  r e c e i v e s  power 
from a  v e r t i c a l  s h a f t  d r i v e n  by t h e  i n t e r m e d i a t e  t r ansmis s ion .  
A 90' ang le  beve l  set  and a  t r a i n  of  s p u r  g e a r s  t r a n s f e r  t h i s  
power t o  two accessory  pads.  Pads a r e  des igned  f o r  8500 rpm 
and d r i v e  h y d r a u l i c  pumps and a  f l i g h t  c o n t r o l s  g e n e r a t o r .  
An o i l  coo le r  blower is  d r i v e n  from t h e  forward end of t h e  
beve l  s h a f t  and a f ive-element  l u b r i c a t i o n  pump i s  d r i v e n  
from t h e  a f t  end. S t r u t s  on t h e  forward f a c e  of t h e  
acces so ry  box provide t h e  f an  and c o o l e r  assembly a f t  suppor t  
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and a x i a l  l o c a t o r .  V e r t i c a l  s t r u t s  s u p p o r t  t h e  box i t s e l f  
from t h e  n a c e l l e  s t r u c t u r e .  The acces so ry  box has  been 
designed f o r  maximum a c c e s s a b i l i t y  and e a s e  of maintenance 
of t h e  d r i v e n  a c c e s s o r i e s .  
T rans fe r  from l e f t  t o  r i g h t  n a c e l l e  i s  accomplished by 
d i sconnec t ing  and reassembling t h e  beve l  g e a r  p o r t i o n ,  a t  
t h e  same t i m e  r e v e r s i n g  t h e  lube  pump mount from one end t o  
t h e  o t h e r .  Th i s  assembly t a s k ,  which  r e q u i r e s  no i n t e r n a l  
ad jus tments ,  is neces sa ry  t o  p re se rve  i d e n t i c a l  pad r o t a t i o n s  
i n  e i t h e r  n a c e l l e .  
Component m a t e r i a l s  and p roces ses  a r e  similar t o  t h a t  of 
t h e  engine  and o t h e r  boxes. 
2 . 3 . 2 . 3  S h a f t i n g ,  Cousl ings  and Torquemeters 
The new p o r t i o n  of t h e  d r i v e  s h a f t i n g  connec ts  engine  box t o  
i n t e rmed ia t e ,  i n t e rmed ia t e  t o  r o t o r  and in t e rmed ia t e  t o  an 
i n t e r f a c e  wi th  e x i s t i n g  c r o s s - s h a f t i n g  inboard of t h e  
n a c e l l e  (SK-272501, F igu res  2.18 and 2 . 1 9 .  A s h o r t  s e c t i o n  
of new s h a f t  connec ts  i n t e rmed ia t e  box t o  acces so ry  d r i v e  
gearbox. 
New s h a f t i n g  fo l lows  convent iona l  Boeing Ver to l  h e l i c o p t e r  
des ign  p r a c t i c e  i n  t h a t  t h c  s h a f t  i s  a t h i n  w a l l ,  2024 
aluminum, t u b e ,  r i v e t t e d  t o  end a d a p t e r s  which i n  t u r n  
connect  t o  m u l t i - p l a t e  meta i  f l e x i b l e  coupl ings  of t h e  
Thomas type .  This  coupl ing  a f f o r d s  e x c e l l e n t  redundancy 
f e a t u r e s ,  low c o s t  and weight .  I t  is l i m i t e d  i n  misalignment 
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c a p a c i t y  t o  t h e  o r d e r  of  one degree.  F u r t h e r  s tudy  w i t h  
a  s t r u c t u r a l  d e f l e c t i o n  a n a l y s i s  w i l l  be r e q u i r e d  t o  
s u b s t a n t i a t e  t h e  u se  of t h i s  coupl ing  i n  a l l  l o c a t i o n s .  An 
accepted  a l t e r n a t i v e  i s  t h e  metal  diaphragm (Bendix t y p e )  
which, by m u l t i p l e  diaphragms, can p r a c t i c a l l y  accommodate 
misal ighments  t o  5 degrees .  
No i n t e r m e d i a t e  bea r ing  s u p p o r t s  a r e  r e q u i r e d  between 
gearboxes i n  t h e  n a c e l l e  s i n c e  t h e  spans  a r e  s u f f i c i e n t l y  
s h o r t  t o  main ta in  s u b c r i t i c a l  s h a f t  o p e r a t i o n .  A t  t h e  i n t e r -  
f a c e  w i t h  e x i s t i n g  wing c r o s s - s h a f t i n g ,  i n s u f f i c i e n t  des ign  
d e f i n i t i o n  is a v a i l a b l e  a t  t h i s  t i m e  t o  completely  i d e n t i f y  
t h e  bea r ing  and coupl ing  requirement .  I t  i s  p robab le ,  how- 
e v e r ,  t h a t  a  s h a f t  suppor t  bea r ing  w i l l  be  r e q u i r e d  a t  t h i s  
p o i n t  t o  a s s u r e  s u b c r i t i c a l  o p e r a t i o n  and misalignment 
c a p a b i l i t y .  Passage of a  new s h a f t  s e c t i o n  through t h e  
n a c e l l e  p i v o t  housing bore  r e p r e s e n t s  a  des ign  c o n s t r a i n t  
on ly  t o  t h e  e x t e n t  t h a t  t h e  inboard  coupl ing  must be de tach-  
a b l e  from t h e  s h a f t  t o  make t h e  necessary  c l e a r a n c e  
d iameter .  
Coupling des igns  and sizes a r e  taken  throughout  from 
e x i s t i n g  Boeing Ver to l  des igns  t h a t  meet o r  exceed t h e  r e q u i r -  
ed to rque  c a p a b i l i t y .  
Engine box t o  i n t e rmed ia t e  s h a f t  s e c t i o n  a r e  unique t o  eac.1 
n a c e l l e ;  i n t e rmed ia t e  t o  r o t o r  and t o  accessory  boxes a r e  
i d e n t i c a l  l e f t  t o  r i g h t .  As no ted ,  t h e  e x a c t  l e n g t h  and 
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interface design of the intermediate to cross-shaft section 
has not been finally determined. 
There are three torquemeters in an aircraft assembly; one on 
each intermediate to rotor box shaft section and one on the 
cross shaft. A11 torquemeters are strain gage type, 
powered by S-nduced current and readout by telemetered radio 
frequencies through a common loop antenna surrounding the 
shaft. Advantages of this type of torque sensing are ease 
of incorporation, light weight, high accuracy. Accuracy and 
reliability have been demonstrated in previous Boeing Vertol 
installations in test equipment, hydrofoil power trains and 
inside transmissions. The equipment has been supplied by 
Accurex, Inc., to Boeing specifications for these applications. 
2.3.2.4 Lubrication, Cooling and Condition Monitoring 
Lubrication systems are separated for'each gearbox, thus 
providing ready identification of the location of any abnor- 
mality evidenced by pressure, temperature or debris monitors 
and also eliminating the possibility of cross-contamination 
between boxes. The design concept of the main power boxes is 
similar in that the oil, having passed through the box, is 
drawn through a full-flow metallic debris smsor and is them 
pumped through a filter and a cooler to return to the gear- 
box through a jet protection screen (see Schematic Diagram 
SK-27258, Figures 2.20, 2.21 and 2.22). The rotor and 
, 













































































airframe-mounted t anks .  The i n t e r m e d i a t e  box d r a i n s  by 
g r a v i t y  t o  a p i s t o l - g r i p  shaped sump below and behind t h e  
g e a r s .  This  p rov ides  d ra inage  i n  ei the,:  n a c e l l e  a t t i t u d e  
and a t  i n t e r m e d i a t e  p o i n t s  a s  w e l l .  Space c o n s t r a i n t s  p re -  
c luded g r a v i t y  d r a i n a g e  i n  t h e  o t h e r  two boxes. 
The acces so ry  box. l u b r i c a t i o n  system i s  s i m p l i f i e d  because no 
c o o l e r  i s  needed t o  d i s s i p a t e  t h e  sma l l  amount o f  h e a t  
gene ra t ed  by t h e  low (60-80 hp) t r a n s m i t t e d  power. O i l  i s  
g r a v i t y  d r a i n e d  t o  a sump and i s  them pumped through a f i l t e r  
and thence  t o  t h e  l u b r i c a t i o n  jets.  
F ive  lube  pumps i n  a common housing a r e  d r i v e n  from t h e  a f t  
end of  t h e  accessory  box. Two e a c t  scavenge and feed  r o t o r  
and engine  boxes and t h e  remaining pump s a r v i c e s  t h e  acces so ry  
box i t s e l f .  The i n t e r m e d i a t e  box mounts and d r i v e s  a s i n g l e  
element feed pump. A l l  pumps a r e  conven t iona l  Gero tor  
pos i t ive-d i sp lacement  t ype  w i t h  r e l i e f  v a l v e s .  Pump c a p a c i t y  
i s  s i z e d  t o  p rov ide  r e q u i r e d  f low a r  c r u i s e  r p n ,  w i t h  r e l i e f  
v a l v e  r e g u l a t i o n  a t  hover rpm. 
F i l t e r s  a r e  f u l l  f low,  30 micron,  d i s p o s a b l e  media t ype  
wi th  a c l o g g e d - f i l t e r  bypass va lve .  A d e l t a - p r e s s u r e  i n d i -  
c a t o r  on each f i l t e r  p rov ides  warning of an impending bypas s ,  
and t h u s  a l l o s  c o r r e c t i v e  a c t i o n  b e f o r e  downstream contamin- 
a t i o n  occurs .  
Fu l l - f low d e b r i s  d e t e c t i o n  i n  t h e  form of an i n d i c a t i n g  s c r e e n  
w i t h  conduc t ive  wires p rov ides  warning of m e t a l l i c  p a r t i c l e s  
gene ra t ed  i n  t h e  t r ansmis s ion .  
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A i r - o i l  c o o l e r s  a r e  mounted i n  a common frame t o  s e r v i c e  
t h e  eng ine ,  r o t o r  and i n t e r m e d i a t e  t r a n s m i s s i o n s .  Analys i s  
o f  t h e  c o o l i n g  requi rements  a t  hover and c r u i s e  f a n  rpm's and 
consequent  a i r - f l o w s  has  been a p p l i e d  t o  t h e  s i z i n g  of  c o o l e r  
and f an .  F ~ c h  c o o l e r  i n c l u d e s  a h igh  p r e s s u r e  by-pass t o  
p reven t  ove r -p re s su re s  i n  t h e  c o r e  i n  c o l d  weather  
s t a r t s .  
A s i n g l e  f an  i n  each  n a c e l l e  induces  a i r  f low through t h e  
c o o l e r s .  The f a n  is  of  s t a n d a r d  a i r c r a f t  d e s i g n .  I t  is s e l f  
suppor ted  on g reased  b a l l  b e a r i n g s ,  and is mounted through 
s t a t o r s  m d  s t r u t s  t o  t h e  forward f a c e  of t h e  d r i v i n g  gearbox. 
I t  is l i k e l y  t h a t  i n  c r u i s e  f l i g h t  ram i n d u c t i o n  would be 
s u f f i c i e n t  t o  make t h e  fan s u p e r f l u o u s ,  and it may i n  f a c t  
be d e s i r a b l e  t o  prov ide  p r e s s u r e  r e l i e f  doors  i n  t h e  fan  d u c t  
t o  p revent  ove rp re s su re  i n  t h i s  a r e a .  
O i l  p r e s s u r e  i s  moni tored on t h e  gearbox s i d e  of t h e  j e t  pro- 
t e c t i o n  s c r e e n  so t h a t  any c logg icg  a t  t h i s  non-bypassable 
s c r e e n  is d e t e c t a b l e .  The f u n c t i o n  of t h e  j e t  p r o t e c t i o n  
s c r e e n  is  t o  p reven t  any m a t e r i a l  lodged i n  e x t e r n a l  l i n e s  
o r  c o o l e r ,  o r  bypassed around t h e  f i l t e r ,  from c logging  lube  
jets. The s c r e e n  opening i s  s i z e d  acco rd ing ly .  A s  a f u r t h e r  
sa feguard  a g a i n s t  l o z a l  l o s s  of l u b r i c a t i o n ,  j e t s  a r e  n u l t i p l e  
t o  t h e  same bea r ing .  
O i l  t empera ture  i s  monitored by pickups l o c a t e d  i n  sump o r  
t a n k s ,  measuring h o t  o i l  o u t  02 t h e  box and b e f o r e  c ~ o l i n g .  
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Oil levels are monitored at servicing intervals by sight 
glasses in each sump or tank. During the same servicing, 
the filter bypaes indication will be inspected. 
The general and detail design conczpts, materiais and pro- 
cesses used in the lubrication, cooling and condition moni- 
toring systems ahve been developed and demonstrate2 on 
Boeing Vertol helicopters. In common with the gearbox and 
shaft design, they represent a low-risk approach to the 
problem. Early attainment of high reliability levels can, 
therefore, be predicted. 
2.3.3 Flight Control System 
The selected fly-by-wire control system configuration for 
XV-15 consists of a triplex self-monitored analog Primary 
Flight Control System (PFCS) interfaced with a dual analog 
Stability and Control Augmentation System (SCAS) . The SCAS 
provides for stability and gust alleviation inputs to the 
PFCS . 
Digital computation was considered for both the PE'CS and the 
SCAS; an analog mechanization was selected for PFCS to 
minimize program risks related to electromagnetic inter- 
ference tolerance, configuration control, development cost 
and several other factors. The complexity of the SCAS (by 
itself) did not warrant a digital mechanization. 
This study drew on a previous system design study conducted 
for thz UE-61A. helicopter (Boeing production Utility Tactical 
Transport Aircraft System (UTTAS) entry) . This design repre- 
sented a refinement of the Heavy Lift Helicopter (HLH) system 
design. Refinements centered .on the actuator design. By 
using magnetic summing in the actuator electrohydraulic valve 
instead of force summing, the actuator was simplified to 
eliminate one control stage piston and the need for one full 
time hydraulic system. Details on the selected actuator 
configuration are given in Volume 11, Appendix I. 
System transfer functions were based on previous studies as 
defined in Reference 1. Physical characteristics and 
limitations of the equipment were defined by configuration 
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requirements in this study (i.e., definition of new nacelle 
and the need to interface with existing XV-15 systems, 
Consideration cf the XV-15 interfaces, in particular 
cockpit controls and airplane surface actuator installation, 
was limited by availability of Bell drawings. Table 2.3 
gives a summary of the specifications established for the 
system. The full specifications for the system are defined 
in Appendix 111. 
2.3.3.1 Overall System Description 
Studies leading to the original HLH system design considered 
two system configurations as shown in Figure 2.23. The two 
concepts differ in the method of interfacing the pilot and 
automatic control loops to the actuators. 
In the first case the pilot and stabilization signals are 
mixed in a central computer. There is no direct pilot control 
of the actuators; failure of the stabilization loops result 
in failure of the pilot control path. The computer would 
typically be digital. This approach was used for the Tactical 
Air Guidance System (TAGS) (flight control system) which was 
a triplex digital system flown with a mechanical backup on 
the CH-47. 
The secmd approach is more directly analogo~s to the systems 
found in current aircraft. The primary control system provides 
for direct pilot control of the actuators via relatively simple 
path. Assuming the vehicle can be flown without augmentation, 




































































































































































































































































































































































































































































































































s e p a r a t e  pa th  w i t h  redundancy s u i t e d  t a  miss ion  requi rements .  
F a i l u r e s  of t h i s  p a t h  do n o t  cause  f a i l u r e s  of t h e  pr imary 
system. Th i s  approach was s e l e c t e d  f o r  HLH and UTTAS and i s  
recomrneiided f o r  XV-15 . 
The fly-ky-wire primartv f l ig ! l t  c o n t r o l  system c o n t r o l s  t h e  
r o t o r s ,  f l a p e r o n s ,  r udde r ,  and t h e  e l e v a t o r .  I t  is comprised 
of convent iona l  d u a l  p i l o t  s t a t i o n  cockp i t  centrals, a  t - i p l e  
redundant e l ec t - - ' . c a l  l i n k  between c o c k p i t  c o n t r o l s  and 
a c t u a t o r s ,  and d u a l  redundant  a c t u a t o r s .  The system i s  
powered by I d u a l  h y d r a u l i c  supply and a  , z i p l e  e l e c t r i c a l  
supply whick i s  d e r i v e d  from t h e  normal dual e?ec t i  i c a l  
supply and an a d d i t i o n a l  t r a n s m i s s i c n  m u n t e d  2 i r e c t  c ~ r r e n t  
g e n e r a t o r .  F igure  2 . 2 4  i l l u s t r a t e s  t h e  b a s i c  components of 
t h e  system. 
Cockpit  "on t ro l s  
Cockpi t  L u l , t r o l s  a t  each p i l o t  s r a t i o n  c o n s i s t  of a c y c l i c  
s t i c k  prov id ing  l o n g i t u d i n a l  and l a t e r a l  w n t r o l ,  peda l s  f o r  
d i r e c t i o n a l  c o n t r o l ,  and a  t h r c # t t l e  c o n t r o l  l e v e r .  The 
convent iona l  c o c k p i t  c o n t r o l  c o n f i g u r a t i o n  is chosen r a t h e r  
than  t h e  s i d e  arm c o n t r o l l e r  c o n f i g u r a t i o n  t o  p rov ide  S e t t e r  
p i l o t  ing.ress /egress ,  e a s i e r  synch ron iza t i on  between p i l o t  
and c o p i l o t ,  and reduced p i l o t  workload wi thout  s t a b i l i t y  and 
c o n t r o l  augmentation.  
E l e c t r i c a l  Link 
- 
The e l e c t r i c a l  l i n k  i s  t r i p l e x  t o  meet s a f e t y  and c i s s i c n  
r e l i a b i l i t y  g o a l s .  Each channel  of t h e  d r r e c t  e l e c t r i c a l  
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l i n k  inc ludes  Cont ro l  P o s i t i o n  Transducers  (CPT), a Cont ro l  
Uni t ,  a  J u n c t i o n  Box, and a s s o c i a t e d  e lect r ical  c a b l e s .  
The Cont ro l  P o s i t i o n  Transducers  t r a n s l a t e  c o c k p i t  c o n t r o l  
motions i n t o  e l e c t r i c a l  analog s i g n a l s  which, i n  t u r n ,  a r e  
t r a n s m i t t e d  t o  t h e  Cont ro l  Uni t .  The Cont ro l  Uni t  performs 
t h e  e q u i v a l e n t  f u n c t i o n s  of  t h e  mechanical  f l i g h t  c o n t r o l  
l i nkage ;  s p e c i f i c a l l y ,  c o n t r o l  s i g n a l  mixing, l i m i t i n g  and 
g a i n  schedul ing  wi th  n a c e l l e  p o s i t i o n .  The Cont ro l  Unit  also 
provides  SCAS s i g n a l  i n t e g r a t i o n  i n t o  t h e  primary f l i g h t  
c o n t r o l  system,  redundancy management, and f a u l t  i s o l a t i o n ,  
c o n t r o l  of engine  performance. 
The s e l e c t e d  redundancy management scheme encompasses 
independent i n - l i n e  s e l f -mon i to r ing  of each channel .  Th i s  
concept  permi ts  t h e  t r i p l e x  system t o  be d u a l  f a i l  f u n c t i o n a l  
because each channel  d e t e c t s  i t s  own f a i l u r e s  independent ly  
from t h e  o t h e r s .  Independence of  c o n t r o l  channels  permi ts  
cons ide rab le  s i m p l i f i c a t i o n  of t h e  c o n t r o l  l o g i c  and p reven t s  
any p o s s i b l e  f a i l u r e  p ropaga t io r  o r  e l e c t r i c a l  i n t e r f e r e n c e  
between channels .  
The c a b l e s  connec t ing  t h e  system elements  are preformed a r d  
s h i e l d e d  mult i -conductor  t y p e ,  p rovid ing  po in t - to -po in t  
connec t ion  a t  rugged s e l f - l o c k i n g  threaded  connec tors  wi th  
s t r a i n  r e l i e f .  Each c a b l e  i s  a  l i n e  r e p l a c e a b l e  u n i t .  
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P rov i s ion  f o r  a d j u s t i n g  r o t o r  rpm, r o t o r  t o r q u e  ba l ance ,  
r e s e t t i n g  a  channel  i n  f l i g h t  and c l e a r i n g  s t o r e d  channel  
f a i l u r e  i n fo rma t ion  i s  made a t  t h e  Primary F l i g h t  Control  
System Pane l .  
The r la intenance Uni t  p rov ides  automated checkout  of t h e  e n t i r e  
system i n  approximately  two minutes ;  i f  a  f a i l u r e  i s  d e t e c t e d ,  
it p rov ides  t h e  neces sa ry  f a i l u r e  i n fo rma t ion  t o  qu i ck ly  
l o c a t e  t h e  f a i l e d  l i n e - r e p l a c e a b l e  u n i t .  
Ac tua to r s  
The e l e c t r i c a l  l i n k  c o n t r o l s  f u n c t i o n a l l y  i d e n t i c a l  e l e c t r o -  
h y d r a u l i c  a c t u a t o r s  a t  each l o c a t i o n .  The a c t u a t o r s  have 
d u a l  o u t p u t  rams c o n t r o l l e d  by a  conven t iona l  tandem hydro- 
mechanical  se rvova lve  ( c a l l e d  t h e  power s t a g e ) .  The servo-  
v a l v e  i s  d r i v e n  by a  d u a l  e l e c t r o h y d r a u l i c  a c t u a t o r  ( c a l l e d  
the c o n t r o l  s t a g e )  which i n t e r f a c e s  w i t h  t h e  e l e c t r o n 8 c s .  The 
c o n t r o l  s t a g e  o f  bo th  t h e  r o t o r  and a i r p l a n e  s u r f a c e  a c t u a t o r  
is i d n e t i c a l .  The a r e a  of t h e  power s t a g e  v a l v e  s l o t s  and 
o u t p u t  p i s t o n s  i s  conf igured  t o  s u i t  t h e  r o t o r  o r  a i r p l a n e  
a p p l i c a t i o n .  (Two s i z e s  w i l l  b e  b u i l t ) .  
2.3.3.2 System T r a n s f e r  Functions/Mechanization 
Required system t r a n s f e r  f u n c t i o n s  and performance c h a r a c t e r -  
istics a r e  d e f i n e d  i n  s p e c i f i c a t i o n ,  Appendix 111. Block 
diagrams from t h e  system s p e c i f i c a t i o n  a long  w i t h  deta i ls  on 
t h e  s e l e c t e d  hardware mechanizat ion of  t h e  s p e c i f i e d  t r a n s f e r  
f u n c t i o n s  as proposed by General  E l e c t r i c  Aerospace Con t ro l  
Systems Department i s  g iven  i n  Volume 11, Appendix I. 
2.3.3.3 Redundancy i4anagernent 
S ince  a s i n g l e  channel  w i l l  n o t  p rovide  t h e  r e l i a b i l i t y /  
s u r v i v a b i l i t y  c h a r a c t e r i s t i c s  necessary  t o  meet t h e  primary 
f l i g h t  c o n t r o l  system o b j e c t i v e s ,  it i s  neces sa ry  t o  p rov ide  
redundant channels .  
The Primary F l i g h t  Cont ro l  System is  a  t r i p l e  redundant 
sel f -monitored e l e c t r i c a l  l i n k  c o n t r o l l i n g  d u a l  redundant  
e l e c t r o h y d r a u l i c  a c t u a t o r s .  
A s  shown i n  F igu re  2.25, t h e  se l f -moni tored  concept  o f  
redundancy management f o r  eacb channel  i nvo lves  use  of two 
i d e n t i c a l  s i g n a l  pa ths  i n  each channel  between t h e  c o c k p i t  
c o n t r o l s  and t h e  a c t u a t o r  i npu t .  I f  a  d i sc repancy  occu r s  
which is  g r e a t e r  t han  a  p re -e s t ab l i shed  t o l e r a n c e  l e v e l ,  t h a t  
channel  is cons idered  t o  have f a i l e d  and is s h u t  down. The 
e l e c t r o h y d r a u l i c  a c t u a t o r s  have d u a l  h y d r a u l i c  s e c t i o n s  and 
t r i p l e x  e l e c t r i c a l  s e c t i o n s .  Thus, t h e  mechanical  l i nkage  of 
t h e  p r e s e n t  c o n t r o l  system is  r ep laced  w i t h  a  t r i p l e x  
e l e c t r i c a l  l i n k ,  whi le  t h e  p r e s e n t  d u a l  h y d r a u l i c  power 
s e c t i o n  is n a i n t a i n e d  i n  t h e  fly-by-wire mechan;za:ion. Each 
channel  of the e l e c t r i c a l  l i n k  is powered by an independent  
e l e c t r i c a l  supply .  

Tracking of  t h r e e  channels  is maintained by c o n t r o l  of o v e r a l l  
g a i n  t o l e r a n c e s .  Channel i n p u t s  t o  t h e  a c t u a t o r  a r e  summed 
magne t i ca l ly  i n  t h e  e l e c t r o h y d r a u l i c  v a l v e  o f  t h e  a c t u a t o r .  
The r e s u l t i n g  a c t u a t o r  p o s i t i o n  is  t h e  average of a l l  s i x  
s i g n a l  p a t h  s i g n a l s  ( 2  each  i n  3 c h a n n e l s ) .  Analys i s  and 
breadboard tes t  o f  t h e  magnetic s m i n g  d i d  n o t  i n d i c a t e  a  
need f o r  i n t e r c h a n n e l  compensation; however, an a c t i v e ,  
on- l ine  scheme such a s  used on t h e  HLH program could be used 
t o  e q u a l i z e  t h e  channe l s ,  i f  neces sa ry .  I n h e r e n t  f a i l s a f e t y  
w i thou t  t i m e - c r i t i c a l  swi tch ing  i s  maintained f o r  f i r s t  f a i l u r e s  
by use  of magnetic summing. A f t e r  channel  shutdown t h e  o u t p u t  
p o s i t i o n  w i l l  be t h e  average of t h e  f o u r  remaining p a t h s .  
The e l e c t r i c a l  l i n k  i n p u t s  a r e  t h e  c o c k p i t  c o n t r o l s ,  t h e  SCAS, 
and n a c e l l e  p o s i t i o n .  Each channel  r e c e i v e s  t h e  same s i g n a l  
from t h e  se l f -moni tored  c o c k p i t  Cont ro l  P o s i t i o n  Transducers ;  
t h i s  reduces  t h e  number of t r a n s d u c e r s  r e q u i r e d  p e r  a x i s  from 
6 t o  3 i n  comparison t o  t h e  f u l l y  d u a l i z e d  i n p u t  used on HLH. 
Figure  2 .26  shows a  t y p i c a l  one-axis  channel  of  t h e  t r i p l e x  
e l e c t r i c a l  l i n k  up t o  t h e  a c t u a t o r  s e rvo  loop.  
SCAS commands a r e  d i s t r i b u t e d  t o  a l l  t h r e e  channels .  S i g n a l s  
a r e  processed through a u t h o r i t y / r a t e  l i m i t e d  i n t e r f a c e s  i n  t h e  
Cont ro l  Uni t  and s e n t  t o  bo th  se rvo  loops .  Using t h i s  approach,  
SCAS f a i l u r e s  cannot  cause primary system channel  s h u t  downs. 
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The re fo re ,  t h e  primary c o n t r o l  system r e l i a b i l i t y  becomes 
independent of SCAS. Plac ing  t h e  SCAS a u t h o r i t y  and/or r a t e  
l i m i t s  w i t h i n  t h e  primary system r e s u l t s  i n  a i r c r a f t  t r a n s i e n t s  
a f t e r  SCAS f a i l u r e s ,  being l e s s  than  o r  equa l  t o  t h c s e  w i th  
t h e  mechanical  system. F i g u r e s  2.27 and 2.28 show t h e  mechani- 
z a t i o n  of t h e  SCAS and GLAS i n t e r f a c e s .  P i l o t  warning wi thout  
shutdown w i l l  be provided i f  t h e  channel  o u t p u t s  d i f f e r .  P i l o t  
can then  shut 'down t h e s e  i n p u t s ,  i f  necessary .  
The a c t u a t o r  f a i l u r e  d e t e c t i o n  mechanication is shown i n  
F igu re  2.29. Pa ths  A and B summing a m p l i f i e r  o u t p u t s  
a r e  compared t o  d e t e c t  f a i l u r e s  i n  t h e  f eed  forward and feed- 
back e l e c t r o n i c s .  A f t e r  comparison, t h e s e  s i g n a l s  a r e  
averaged i n  t h e  s e rvo  a m p l i f i z r s .  Th i s  removes any accumulated 
e r r o r  due t o  t o l e r a n c e  s t a c k  up from t h e  nex t  s t a g e  of com- 
par  i son .  
E l e c t r o h y d r a u l i c  va lve  c u r r e n t s  of  two a c t u a t o r  s e c t i o n s  a r e  
compared. This  comparison w i l l  d e t e c t  f a i l u r e s  i n  t h e  s e rvo  
a m p l i f i e r ,  a c t u a t o r  w i r ing ,  o r  EHV to rque  motor c o i l .  when 
f a i l u r e s  a r e  d e t e c t e d ,  t h e  c h a n n e l ' s  i n p u t  t o  t h e  e l e c t r o -  
h y d r a u l i c  va lves  is removed by opening a  r e l a y  c o n t a c t  and 
t h e  p i l o t  is n o t i f i e d .  
F a i l u r e s  of t h e  e l e c t r o h y d r a u l i c  va lve  downstream of t h e  
torque-motor a r e  d e t e c t e d  by comparison of va lve  c u r r e n t  t o  
c o n t r o l  s t a g e  p i s t o n  d i f f e r e n t i a l  p r e s s a r e .  Of p a r t i c u l a r  
concern a r e  t hose  f a i l u r e s  which would cause an EHV hardover 
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because t h e s e  a r e  f l i g h t - s a f e t y  c r i t i c a l .  Even though t h e  
p r o b a b i l i t y  o f  s i n g l e  s t a g e  EHV f a i l u r e  is v e r y  low ( .02 p e r  
m i l l i o n  h o u r s ) ,  s t e p s  have been implemented t o  f u r t h e r  reduce 
the p r o b a b i l i t y  o f  f l u i d  f i l t e r i n g ,  o r i f i c e  s i z i n g  and 
immediate shutdown of t h e  a c t u a t o r  s e c t i o n  i n  t:.e e v e n t  of 
v a l v e  hardovers .  
Each c o n t r o l  s t a g e  has  a d i f f e r e n t i a l  p r e s s u r e  sensoz which 
p rov ides  an  i n p u t  t o  t h e  v a l v e  moni tor  c u r c u i t .  The v a l v e  
moni tor  c i r c u i t  s enses  c o r r e c t  r e l a t i o n s h i p  of c u r r e n t  ve r sus  
d i f f e r e n t i a l  p r e s s u r e .  I f  c u r r e n t  exceeds a  c e r t a i n  t h r e s h o l d ,  
p r e s s u r e  must exceed a  t h r e s h o l d  i n  t h e  proper  p o l a r i t y .  Each 
EHV is monitored by a l l  t h r e e  d i r e c t  e l e c t r i c a l  l i n k  channe ls .  
Each channe l  d e t e c t s  an E!W f a i l u r e  independent ly ;  i t s  l o g i c  
a c t u a t e s  a  r e l a y .  The t h r e e  channe l  r e l a y  c o n t a c t s  a r e  wired 
i n  series t o  o p e r a t e  t h e  h y d r a u l i c  system sh:i toff  va lve .  Thir  
arrangement ensu re s  t h e r e  w i l l  be a  low p r o b a b i l i t y  of nu isa  
shutdowns s i n c e  a l l  t h r e e  channe ls  n u s t  d s r e c t  an EHV f a i l u r .  
t o  cause  h y d r a u l i c  system shutdown. The on ly  s i n g l e  f a i l u r e  
r e s u l t i n g  i n  a  nu isanze  shutdown would ba a  mechanical  open 
o r  jam i n  t h e  d i f f e r e n t i t l  p r e s s u r e  s e n s o r ,  t h e  p r o b a b i l i t y  
of which is ex t remely  low. E l e c t r o h y d r a u l i c  v a l v e  hardover  
f a i l u r e  r a t e  is a l s o  extremely low, s o  t h e  r e l i a b ~ l ~ t y  of 
t h e . m o n i t o r  i n  func t ion ing  when requi red  need no t  be g r e a t .  
Pas s ive  f a i l u r e s  of t h e  EHV a r e  a l s o  d e t e c t e d  by comparing EHV 
i n p u t  c u r r e n t s  and t h e  r e s u l t i n g  d i f f e r e n t i a l  p r e s s u r e .  
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C o n t r o l  and power s t a g e  mot ion t r a n s d u c e r  e lec t r ica l  mal- 
f u n c t i o n s  a r e  d e t e c t e d  by m o n i t o r i n g  t h e  common-mode secondary  
v o l t a g e .  The t r a n s d u c e r s  are d e s i g n e d  s o  t h a t  t h e  common-mode 
v o l t a g e  i s  e s s e n t a i l l y  c o n s t a n t  o v e r  t h e  s t r o k e .  I f  e x c i t a -  
t i o n  i s  l o s t ,  o r  t h e  c o i l  o p e n s ,  t h e  v o l t a g e  w i l l  d e c r e a s e ;  
i f  a  secondary  s h o r t s  t o  power, t h e  o u t p u t  w i l l  i n c r e a s e .  
E i t h e r  c o n d i t i o n  w i l l  c a u s e  thr: r r \oni tor  t o  t r i p .  Nechan ica l  
f a i l u r e s  of t h e  t r a n s d u c e r s  a r e  d e t e c t e d  by a  p e r i o d i c  check 
of  c h a m e l  t r a c k i n g  d u r i n g  b u i l t - i n - t e s t .  
2.3.3.4 Major Component C h a r a c t e r i s t i c s  
C h a r a c t e r i s t i c s  o f  t h e  DEL C o n t r o l  U n i t  F l i g h t  C o n t r o l  Actua- 
t o r s ,  PFCS P a n e l  Maintenance U n i t  and Contro '  n o s i t i o n  Trans-  
d u c e r s  a r e  g i v e n  i n  Volume 11, Appendix I. F l i g h t  C o n t r o l  
A c t u a t o r s  were proposed by B e r t e a  System D i v i s i o n  of  h a r k e r  
H a n n i f i n  C o r p o r a t i o n .  
2 .3 .3 .5  System Operat ion/Maintenar.ce 
O p e r a t i o n  of t h e  sys tem c o n s i s t s  of a p r e f l i g h t  r o u t i n e  by 
t h e  p i l o t  and p e r i c d i c  o p e r a t i o n a l  check by t h e  crew c h i e f .  
P i l o t ' s  O p e r a t i o n a l  Check 
Before  e a c h  f l i g h t ,  t h e  p i l o t  boxes  t h e  c o n t r o l s  a n  one p r imary  
and t h e  secondary  f l i g h t  c o n t r o l  h y d r a u l i c  sys tems .  A f t e r  run-  
up he checks  o p e r a t i o n  w i t h  t h e  second p r imary  sys tem.  During 
t h e  o p e r a t i o c ,  h e  m o n i t o r s  f o r  any f a i l u r e s  on t h e  C a u t i o n /  
Advisory pane l  and t h e  PFCS pane l .  Th i s  check i s  t h e  same a s  
now performed wi th  t h e  mechanical  system. 
P e r i o d i c  Opera t iona l  Check 
A t  i n t e r v a l s  of approximately 1 0  hours ,  t h e  crew ch ie f  performs 
a system se l f -check  ( B u i l t - i n - T e s t ) .  This  r o u t i n e  r e p l a c e s  
t h e  p a r i o d i c  i n spec t ion  of mechanical  c o n t r o l  runs .  The 
maintenance check z o n s i s t s  of running i n d i v i d u a i  channel  
chacks and a Channel Tracking Tes t .  The tes t  c o n s i s t s  of 
initiating tes t  by dep res s ing  t h e  "Push t o  T e s t "  swi t ch  on 
t h e  System Maintenance Uni t  l o c a t e d  i n  t h e  a v i o n i c s  bay. I n  
approximately two minutes t h e  t h r e e  channels  a r e  checked 
through an automatic  sequence f o r  proper  response  t o  s imula ted  
f a i l u r e s .  The channel  t e s t  a s s u r e s  t h a t  f a i l u r e  d e t e c t i o n  
c i r c u i t s  a r e  no t  f a i l e d  p a s s i v e l y .  A t  t h a t  t i m e  t h e  TRACK 
legend i s  l i g h t e d ,  t h e  crew c h i e f  then  boxes t h e  c o n t r o l s  w i th  
c o l l e c t i v e  p i t c h  down, and aga in  wi th  c o l l e c t i v e  p i t c h  up. 
This  process  checks channel  t r a c k i n g .  Th i s  check uncovers re- 
mote f a i l u r e  c o n d i t i o n s ,  such a s  mechanical f a i l u r e  of an 
actua. tor  LVDT probe,  which a r e  n o t  d e t e c t e d  by normal f a i l u r e  
d e t e c t i o n  c i r c u i t s  and mis t r ack ing  between channe l s ,  t h a t  
might be due t o  r i g g i n g  e r r o r s .  A f t e r  complet ion o f  a l l  r e -  
qu i r ed  motions, t h e  TRACK legend goes o u t  and t h e  GO legend 
comes on. Th i s  completes t h e  t es t .  
Maintenance 
Maintenance i s  r e q u i r e d  on ly  i f  an a c t u a t o r  develops a  l e a k ,  
a  f a i l u r e  i s  d e t e c t e d ,  o r  t h e  system f a i l s  t h e  o p e r a t i o n a l  
check. 
F l i g h t  c o n t r o l  system s t a t u s  i s  d i sp l ayed  on t h e  c e n t r a l  
cau t ion /advisory  pane l ,  on t h e  PFCS pane l ,  and t h e  System 
Maintenance Panel .  
The cau t ion /advisory  pane l  d i s p l a y s  t h e  f o l l o w i n g  legends 
r e l a t i n g  t o  t h e  f l i g h t  c o n t r o l  system. 
F l i g h t  Cont ro l  F i r s t  F a i l  -- This  advisory  l i g h t  
f l a s h e s  f o r  any f i r s t  f a i l u r e  i n  a  channel ;  a  
subsequent f i r s t  f a i l u r e  causes  t h e  f l a s h i n g  t o  
resume. The p i l o t  s t o p s  t h e  f l a s h i n g  by p r e s s i n g  
t h e  master  c a u t i o n  i n d i c a t o r .  
F l i g h t  Cont ro l  Second F a i l  -- This  adv i so ry  l i g h t  
i l l u m i n a t e s  f o r  a  second f a i l u r e  of a  l i k e  element.  
The p i l o t  a b o r t s  and l a n d s  a s  soon as p o s s i b l e .  
Jam No. 1 and No. 2 -- This  adv i so ry  l i g h t  i n d i c a t e s  
high f r i c t i o n  o r  jam i n  t h e  corresponding a c t u a t o r  
c o n t r o l  stage/power va lve .  The p i l o t  a b o r t s  and lands  
a s  soon a s  p o s s i b l e .  
Hydraul ic  System Caut ion/Advisory -- Thi s  i s  t h e  same 
a s  is now s u p p l i e d  f o r  t h e  mechanical  system.  
SCAS F a i l u r e  I n d i c a t i o n  -- Thi s  i s  t h e  same a s  c u r r e n t l y  
provided i n  t h e  mechanical  system. 
Troubleshoot ing  is accomplished wi th  a  minimum of s p e c i a l  
suppor t  equipment. The approach is  t o  i c d i c a t e  t h e  probable  
l o c a t i o n  of t h e  f a i l u r e  u s i n g  t h e  f a u l t  i s o l a t e  f u n c t i o n  of 
t h e  Maintenance Uni t .  A t  t h i s  t ime ,  t h e  f a i l u r e  may e i t h e r  
be d e f i n i t e l y  i s o l a t e d  t o  t h e  DEL Cont ro l  Un i t ,  o r  it may be 
i n  t h e  DEL Con t ro l  Uni t  w i r ing  o r  a  component. 
To i s o l a t e  f a i l u r e s  of a  DEL Con t ro l  Un i t ,  two of  t h e  u n i t s  
would be exchanged and t h e  f a i l u r e  induced.  To i s o l a t e  f a i l u r e s  
i n  an a c t u a t o r ,  s h o r t  non-keyed jumpers would be provided t o  
r e v e r s e  a c t u a t o r  c a b l i n g .  F a i l u r e s  i n  a  CPT would be 
i s o l a t e d  by r e p l a c i n g  t h e  channel  t r a n s d u c e r s  w kh a  dummy 
p lug  t o  check w i r i n g  c o n t i n u i t y .  I f  a  f a i l u r e  i n  t h e  w i r ing  
was i n d i c a t e d ,  t h e  a f f e c t e d  c a b l e  o r  j unc t ion  box would be 
r ep l aced .  With t h e  mult i -conductor  c a b l e  system proposed,  
c a b l e  f a i l u r e s  have a  very  low p r o b a b i l i t y .  
A Maintenance T e s t  S e t ,  s i m i l a r  t o  t h e  one developed f o r  HLH, 
i n t e r f a c i n g  wi th  t h e  DEL Cont ro l  Uni t  test  connec tor  would be . 
used f o r  r i g g i n g  of c o n t r o l  p o s i t i o n  t r a n s d u c e r s  and f o r  
checking i n t e r c h a n n e l  t r a c k i n g .  
Analys i s  f o r  t h e  system f a i l u r e  modes show t h a t  over  9 0 %  
of t h e  f a i l u r e s  w i l l  b e  i n  t h e  power s u p p l i e s  o r  t h e  DEL 
Cont ro l  Uni t .  These f a i l u r e s  a r e  e a s i l y  d e t e c t a b l e  w i thou t  
use  of even t h e  s imple  methods d e s c r i b e d  he re .  Exper ience 
accrued on t h e  HLH system a t t e s t e d  t o  t h i s  f a c t .  The on ly  
f a i l u r e s  n o t  i s o l a t e d  t o  t h e  c o n t r o l  u n i t  were a c t u a t o r  
l e a k s  and one mis r igged  CPT. 
2 . 3 . 3 . 6  S t a b i l i t y  and Cont ro l  Augmentation System (SCAS) 
S p e c i f i c a t i o n s  o f  t h e  SCAS a r e  g iven  i n  Appendix I11 of t h i s  
i n  volume. Mechanization of t h e  SCAS f u n c t i o n s  i s  g iven  
Volume 1 1 ,  Appendix I .  
2 . 3 . 3 . 7  I n s t a l l a t i o n  
F i g u r e s  2.30 and 2.31 show a p o z s i b l e  equipment i n s t a  
arrangement w i t h i n  t h e  XV-15. 
l l a t i o n  
Cockpit  Area - Mechanical c o n t r o l  runs  a r e  d i sconnec ted  and 
p i l o t ' s  c o n t r o l s  l i n k e d  t o  mult i - redundant  LVDT packages.  
E x i s t i n g  f o r c e  f e e l  and t r i m  p r o v i s i o n s  a r e  r e t a i n e d .  The 
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PFCS pane l  i s  l o c a t e d  i n  t h e  c e n t e r  ins t rument  console .  An 
e l e c t r i c a l  i n p u t  engine  c o n t r o l  quadran t  r e p l a c e s  t h e  e x i s t i n g  
mechanical  i n p u t  quadran t .  
Avionics Bay - New SCAS Uni t s  a r e  i n s t a l l e d  t o  r e p l a c e  e x i s t i n g  
equipment and Maintenance Uni t  i s  i n s t a l l e d .  
Undrr Cabin F loor  - J u n c t i o n  boxes a r e  i n s t a l l e d  t o  c o l l e c t  
s i q n a l s  from cockp i t / av ion ic s  bay f o r  t r a n s m i t t a l  t o  t h e  DEL 
Contro l  Uni t s .  
Cont ro l  Uni t  I n s t a l l a t i o n  - The u n i t s  may be i n s t a l l e d  
wherever a  s u i t a b l e  space  i s  a v a i l a b l e .  The space  a f t  of t h e  
wing, p r e s e n t l y  housing t h e  mechanical  mixer is a  cand ida t e .  
Actua tors  - D e t a i l s  on r o t o r  c o n t r o l  i n s t a l l a t i o n  a r e  shown 
i n  F igu re  2 . 2 .  Ai rp lane  s u r f a c e  a c t u a t o r s  a r e  mounted t o  
r e p l a c e  t h e  e x i s t i n g  a c t u a t o r s .  N e w  mounting and r e v i s e d  
plumbing a r e  r equ i r ed .  
D e t a i l s  on proposed system c a b l i n g  a r e  shown i n  F igu re  2 . 3 2 .  
A l l  c a b l e s  would be s h i e l d e d  mult i -conductor  u n i t s  t e rmina led  
i n  s e l f - l o c k i n g  threaded  connec tor  series N I L - C - 8 3 7 2 3 .  
S h i e l d i n g  i s  inc luded  a s  a  p r o t e c t i o n  a g a i n s t  l i g h t n i n g  
e f f e c t s ;  a n a l y s i s  and tes t  of  system i n t e r f a c e  c i r c u i t s  
i n d i c a t e s  it is probably n o t  r equ i r ed .  I t  was n o t  used on 
HLH ATC; however, t h e  3 4 7  a i r c r a f t  was n o t  c l e a r e d  t o  f l y  























































































































































2.4 POWERPLANT INSTALLATION , 
The powerplant i n s t a l l a t i o n  is shown i n  Drawing SK-27244 
(F igure  2 .2)  and schema t i ca l ly  i n  Drawing SK-27256 (F igu re  
2 . 4 . 1  Engine 
The Lycoming LTClK-4K d i r e c t - d r i v e  v e r s i o n  of  t h e  T53 engine  
pe r  Reference ( 2 )  i s  u t i l i z e d  wi th  no changes f r o n  those  on 
t h e  c u r r e n t  XV-15 a i r c r a f t .  The "patch-on" engine  gearbox 
(F igure  2.9) i s  used t o  a s s u r e  engine  commonality w i th  b a s i c  
XV-15. 
2.4.2 Mounting 
The engine  is mounted f i x e d  ( n o n - t i l t i n g )  t o  t h e  s t r u c t u r a l  
adap te r  desc r ibed  i n  Sec t ion  2.2.2 and Drawing SK-27245 
(F igure  2 . 5 ) .  Ra t iona l e  f o r  t h e  f i x e d  ve r sus  t i l t i n g  engine  
is  found i n  Appendix I. - A t h r ee -po in t  mount system is  
employed us ing  machined aluminum f i t t i n g s  a s  shown i n  
F igure  2.2. Two of t h e  t h r e e  forward mounting pads on t h e  
engine  i n l e t  housing c a s t i n g  a r e  picked up - a t  t h e  t o p  and 
lower inboard l o c a t i o n s ,  and one of t h e  a f t  pads ( lower  i n -  
board) on t h e  pe r iphe ry  of t h e  d i f f u s e r  housing i s  used. The 
f o m a r d  inboard mount t a k e s  l oads  i n  a l l  t h r e e  d i r e c t i o n s ;  
t h e  forward t o p  mount r e s i s t s  only l a t e r a l  l oads .  The a f t  
mount t a k e s  v e r t i c a l  and l a t e r a l  l o a d s ,  b u t  a l lows  engine  
thermal  growth l o n g i t u d i n a l l y  wi thout  t a k i n g  load .  The 
forward mount system a l lows  engine  r a d i a l  expansion.  
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2 . 4 . 3  Cowlinq 
The engine  cowling c o n s i s t s  of fo rward ,  c e n t e r ,  and a f t  
s e c t i o n s .  A schematic  s k e t c h  of t h e  cowl i s  shown i n  
F igu re  2 . 3 4 ;  . 
a )  Forward S e c t i o n  - Thi s  s e c t i o n  c o n s i s t s  o f  an 
o u t e r  cowl annulus  around t h e  a i r  i n l e t ,  and a 
c e n t r a l  b u l l e t  cover ing  t h e  eng ine  gearbox. 
Three a i r f o i l e d  s t r u t s ,  one of which e n c l o s e s  t h e  
d r i v e  c r o s s - s h a f t ,  connec t  t h e  i n n e r  b u l l e t  and 
o u t e r  a=rlulus; bo th  p a r t s  a r e  mounted t o  t h e  
eng ine ,  and a r e  removed i n  t h e  forward d i r e c t i o n .  
They a r e  c o n s t r u c t e d  of b u i l t - u p  aluminum p i e c e s .  
The b u l l e t  f a i r i n g  nose s e c t i o n  forward of t h e  s p l i t  
l i n e  a t  t h e  c r o s s - s h z f t  c e n t e r l i n e  i s  suppor ted  by a 
bulkhead mounted on t h e  gearbox housing.  This  p a r t ,  
t h e  forward s e c t i o n  of t h e  i n l e t  s t r u t s ,  and t h e  
o u t e r  cowl l i p  s e c t i o n  a r e  t i e d  and removed t o g e t h e r  
t o  expose engine  gearbox and c r o s s - s h a f t .  The p o r t i o n s  
behind t h e  s p l l t  l i n e  of b u l l e t ,  i n l e t  a i r f o i l  s t r u t s ,  
and annulus  a r e  a l s o  t i e d  t o g e t h e r  and removed forward 
a f t e r  c r o s s - s h a f t  s e c t i o n  removal and removal of t h e  
n u t s  on t h e  engine  mounting f a c e  s t u d s  which s e c u r e  
t h i s  s e c t i o n .  The o t h e r  annulus  p o r t i o n  is  suppor ted  
on t h e  engine  and around t h e  a i r  i n l e t .  
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b)  Center  S e c t i o n  - This  s e c t i o n  ex t ends  e s s e n t i a l l y  
t h e  l e n g t h  of t h e  engine  less t a i l  p i p e ,  and i s  con- 
s t r u c t e d  o f  aluminum r i n g s  and s t r i n g e r s .  I t  c o n t a i n s  
two l a r g e  removeable a c c e s s  pane l s  each ex tending  
t h e  f u l l  l e n g t h  of  t h e  s e c t i o n  and a s  wide a s  t h e  
engine.  These a r e  l o c a t e d  a t  t o p  and bottom, and a r e  
a t t a c h e d  by qu ick - r e l ea se  f a s t e n e r s  t o  t h e  s i d e  pane l s  
and end-frames which i n  t u r n  a r e  suppor ted  by t h e  
s t r u c t u r a l  a d a p t e r  (airframe-mounted).  Removeable 
pane l s  were selected over  hinged a c c e s s  doors  t o  
s i m p l i f y  cowl des ign  and reduce c o s t s .  Naintenance i s  
done us ing  s e p a r a t e  s t a n d s ;  q u i t e  accep tab le  f o r  a  
r e s e a r c h  v e h i c l e  o p e r a t i n g  from a l a r g e  f i x e d  base.  No 
i n t e g r a l  workstands a r e  provided i n  t h e  cowl. 
c) Af t  S e c t i o n  - The s h o r t  t a i l - c o n e  s e c t i o n  i s  a t t a c h e d  
t o  and suppor ted  by t h e  a f t  frame of t h e  c e n t e r  s e c t i o n  
and i s  removed a f t .  
2 . 4 . 4  F i r e w a l l s  
A r i n g  f i r e  s e a l  a t t a c h i n g  t o  t h e  engine  f i r e  s h i e l d  i s  
l o c a t e d  between c e n t e r  and a f t  s e c t i o n s  of t h e  cowl,  
s e p a r a t i n g  t h e  engine  h o t  s e c t i o n  from items forward.  A 
f i r e w a l l  a l s o  s e p a r a t e s  t h e  engine compartment from t h e  a i r -  
frame s t r u c t u r a l  adap te r .  Engine s e r v i c e  l i n e s  p a s s  through 
t h e  f  i r e w a l l .  
TABLE 2 . 4 .  KEY TO FIGURE 2 . 3 3  
LTC lk-4K Engine 
Engine Gearbox (Ref. ) 
S t r u c t u r a l  Adapter (Ref.)  
Forward Top Engine Mount 
Forward Inboard Engine Mount 
A f t  Engine Mount 
Cowl Forward S e c t i o n  Outer Annulus 
Cross-Shaft  F a i r i n g  S t r u t  
Cowl Forward S e c t i o n  Inner  B u l l e t  Nose S e c t i o n  
Cowl Forward Sec t ion  Inne r  B u l l e t  A f t  P o r t i o n  
Engine Mounting Face S tuds  
Cowl Center  S e c t i o n  Forward Ring 
Cowl Center  S e c t i o n  Upper Access Panel  
Cowl Center  S e c t i o n  Lower Access Panel  
Cowl Center  S e c t i o n  Fixed Outer  Pane l  
Cowl Center  S e c t i o a  - S t r u c t u r a l  Adapter A t t ach  Seekion - 
Fornard 
Cowl Center  S e c t i o n  - S t r u c t u r a l  Adapter At tach  S e c t i o n  - A f t  
Cowl A f t  S e c t i o n  
Ring F i r e  Seal 
F i r e w a l l  
Cowl A i r  I n l e t  
Engine A i r  I n l e t  
Opt iona l  I n l e t  F.O.D. Screen 
Exhaust Pipe 
Engine Cooling A i r  Scoop 
Engine Compartment Cool ing A i r  I n l e t  
Engine Compartment Cool ing A i r  E x i t  Screen 
Engine S t a r t e r - G e n e r a t o r  
Gas Generator  Cont ro l  Actua tor  and Linkage 
Engine Oil Tank 
Engine Fue l  Feed Line 
F i r e w a l l  Fue l  Shut-off Valve 
F i r e  De tec t ion  Wire (Partial) 
F i r e  De tec t ion  J u n c t i o n  Box 
F i r e  Ex t ingu i she r  Agent B o t t l e s  
A i r  Bleed Valve (Ref. ) 



























































2.4.5 Engine A i r  I n d u c t i o r  
The cowl a i r  i n l e t  is an annulus  t o  match t h e  engine  i n l e t  
wi th  s e c t i o n s  designed a s  a  f i x e d  geometry system i n  a com- 
promise between hover and c r u i s e  f l i g h t  c o n d i t i o n s .  Three 
r a d i a l  a i r f o i l e d  s t r u t s  run between t h e  centerbody ( b u l l e t )  
and t h e  o u t e r  cowl, one of  which enc loses  t h e  c r o s s - s h a f t  
d r i v e  from engine  t o  i n t e rmed ia t e  t r ansmis s ion .  An i n l e t  
FOD sc reen  can be u t i l i z e d  w i t h  t h i s  system i f  d e s i r e d .  
2.4.6 Engine A i r  Exhaust 
A = . ~ o r t  s t r a i g h t  p i p e  is a t t a c h e d  t o  t h e  engine  exhaus t  
f l a n g e  v i a  a clamp. The p ipe  i s  s i z e d  a s  a  compromise between 
hover and c r u i s e  f l i g h t  t o  provide  zero  j e t  t h r u s t  a t  300 
knots  speed. 
2 . 4 . 7  Engine and Engine Comp..rtment Cooling 
a )  Engine - Cooling a i r  must be provided f o r  t h e  r e a r  f a c e  
of t h e  engine  power t u r b i n e  assembly. Two a i r  scoops 
a r e  p ~ o v i d e d  i n  t h e  s k i n  of t h e  a f t  cowl s e c t i o n  j u s t  
behind t h e  r i n g  f i r e  seal t o  provide  a  sou rce  of coo l ing  
a i r  t o  be sucked through t h e  exhaus t  d i f f u s e r  suppor t  
s t r u t s  and t u r b i n e  bear ing  housing and ?c ros s  t h e  a f t  
f ace  of t h e  power t u r b i n e  i n t o  t h e  exhaus t  stream. 
b)  Engine Compartment - Cooling a i r  is taken  i n t o  t h e  
enqine compartrent  from a ram a i r  i n l e t  on t h e  outboard 
s i d e  of t h e  c w l  forward s e c t i o n .  The a i r  e x i s t s  j u s t  
forward of t h e  r i  19 f i r e  s e a l  v i a  sc reened  openings.  
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The DC s t a r t e r - g e n e r a t o r  mounted on t h e  engine  i s  
i n t e g r a l l y  cooled .  I f ,  i n  t h e  d e t a i l  de s ign  and a n a l y s i s  
phase ,  i t  i s  found t h a t  t h i s  concept  does n o t  p rov ide  
s u f f i c i e n t  hover  f l i g h t  coo l ing  f o r  c e r t a i n  compartment- 
mounted components, t h e  a l t e r n a t i v e s  of e i t h e r  i n t e g r a l l y  
coo l ing  t h e s e  components o r  of changing t o  exhaus t  
e j e c t o r  coo l ing  by changina t h e  r i n g  f i r e  s e a l  t o  a 
porous f i r e  s c r e e n  w i l l  be i n v e s t i g a t e d .  
2 . 4 . 8  S t a r t i n q  
The s t a r t i n g  system i s  e l e c t r i c a l  and i n c l u d e s ,  a s  does  t h e  
c u r r e n t  XV-15 a i r c r a f t ,  a  300-ampere s e l f - coo led  DC starter-  
g e n e r a t o r  mounted on t h e  engine  acces so ry  pad on t h e  lower 
s i d e  of t h e  engine .  
2 . 4 . 9  Cont ro l s  
Cont ro l  of t h e  engine  is i n t e g r a t e d  w i th  t h e  e l e c t r i c a l  
f ly-by-wire f l i g h t  c o n t r o l  system of t h e  HTR XV-15 a i r -  
c r a f t .  
Con t ro l  of  t h e  g a s  g e n e r a t o r  i s  t h e  primary i n p u t .  An engine-  
mounted redundant  e l ec t romechan ica l  a c t u a t o r  d r i v e s  t h e  
power l e v e r  s p l i n e d  s h a f t  on t h e  f u e l  c o n t r o l  v i a  l i nkage .  
The power t u r b i n e  speed s e l e c t o r  l e v e r  on t h e  eng ine - fue l  
c o n t r o l  w i l l  be  set i n  f i x e d  p o s i t i o n  f o r  overspeed ( t opp ing )  
c o n t r o l  o n l y ,  and no a c t u a t o r  i s  r e q u i r e d .  The power t u r b i n e  
w i l l  be under c o n t r o l  of t h e  fly-by-wire t h r u s t  management 
system. 
2.4.10 Lubr i ca t ion  
Th i s  system is  se l f - con ta ined  w i t h i n  t h e  eng ine  excep t  f o r  
an a i r f rame-suppl ied  o i l  t ank .  I t  is completely  s e p a r a t e  
from any t r ansmis s ion  l u b r i c a t i o n  system. The o i l  tank 
(approximately one-gallon c a p a c i t y )  i s  l o c a t e d  i n  t h e  lower 
a r e a  of t h e  cowling forward s e c t i o n  o u t e r  annulus .  A s  on 
t h e  c u r r e n t  XV-15, o i l  coo l ing  w i l l  tc provided by a  f u e l - o i l  
h e a t  exchanger i n  t h e  f u e l  f e e d  l i n e  downstream of t h e  f u e l  
c o n t r o l ,  and supp l i ed  by t h e  engine  manufacturer .  
2 . 4 . 1 1  Fue l  System 
Except f o r  a  smal l  a d d i t i o n a l  l e n g t h  of feed l i n e  and t h e  
e l i m i n a t i o n  of  t h e  swive l  j o i n t  r e q u i r e d  f o r  a  t i l t i n g  
engine ,  t h e  f u e l  system of  t h e  c u r r e n t  a i r c r a f t  w i l l  be pre-  
se rved  on t h e  a i r f r ame  s i d e  of t h e  f i r e w a l l .  On t h e  engine  
compartment s i d e ,  system components w i l l  be s i m i l a r  o r  
i d e n t i c a l .  These inc lude  f u e l  f i l t e r , .  f u e l / o i l  h e a t  
exchanger,  and flowmeter ( t h e  l a t t e r  i s  a i r f r a m e  s u p p l i e d ) .  
2.4.12 F i r e  Detec t ion  
A cont inuous ,  r e - s e t t i n g ,  wire loop-type d e t e c t o r  system is  
provided i n  each n a c e l l e  rou ted  around t h e  engine  compartment 
wi th  a  j unc t ion  box l o c a t e d  on t h e  a i r f r a m e  s i d e  of t h e  f i r e -  
. 
wal l .  The system is s i m i l a r  t o  t h a t  on t h e  c u r r e n t  a i r c r a f t  
and w i l l  be designed t o  match c o c k p i t  d i s p l a y s  and c o n t r o l s .  
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2.4.13 F i r e  Ext inquish inq  
A two-shot CBrF3 e x t i n g u i s h a n t  system i s  providzd  f o r  each 
n a c e l l e .  The two agen t  b o t t l e s  a r e  mounted on t h e  a f t  s e c t i o n  
of t h e  f i x e d  s t r u c t u r a l  a d a p t e r  j u s t  inboard  of t h e  f i r e w a l l .  
L ines  run  from t h e  b o t t l e s  t h r o i g h  v a l v e s  and a c r o s s  t h e  
f i r e w a l l  t o  d i s t r i b u t i o n  nozz l e s  i n  t h e  engine  compartment. 
The system i s  s i m i l a r  t o  t h a t  on t h e  c u r r e n t  a i r c r a f t  and 
w i l l  be designed t o  match c o c k p i t  c o n t r o l s .  B o t t l e s  a r e  
l o c a t e d  f o r  ea sy  i n s p e c t i o n  and removal.  
2.4.14 Ice P r o t e c t i o n  
Engine i n l e t  a n t i - i c i n g  i s  supp l i ed  by t h e  engine  manufac ture r .  
It can be opera ted  manually by a  swi t ch  i n  t h e  c o c k p i t  which 
e l e c t r i c a l l y  de-energ izes  t h e  engine  h o t  a i r  so l eno id  
va lve .  I f  au tomat ic  o p e r a t i o n  i s  d e s i r e d ,  an i c i n g  d e t e c t o r  
could be inc luded  i n  t h e  system. ( I c i n g  d e t e c t i o n  i s  
mentioned i n  Reference 2  o c  page 98. The forward s e c t i o n  of 
t h e  a i r f r a m e  cowling around t h e  pr imary a i r  i n l e t  i s  n o t  ice- 
p r o t e c t e d .  A h o t  a i r  d u c t  and/or e l e c t r i c  b l a n k e t  system 
could  be added i f  war ran ted ;  however, it is  n o t  b e l i e v e d  neces-  
s a r y  i n  a  r e s e a r c h  a i r c r a f t  normal ly  flown i n  a  benign 
environment.  
2.4.15 A i r  Bleed 
A s  i n  t h e  c u r r e n t  FI-15 a i r c r a f t ,  eng ine  b l eed  a i r  f o r  t h e  
a i r c r a f t  environmental  c o n t r o l  system is taken  from t h e  
engine i n  t h e  r i g h t  s i d e  n a c e l l e .  
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A s t a i n l e s s  s teel  b leed  a i r  d u c t  is provided from an 
e l e c t r i c a l l y  a c t u a t e d  va lve  ( a i r f r a m e  s u p p l i e d )  mounted on 
t h e  engine  b l eed  a i r  p o r t .  The d u c t  i s  i n s u l a t e d ,  has  a f low 
limiter inco rpo ra t ed ,  and i n c l u d e s  coup l ings  t o  a l low f o r  
thermal  expansion.  The d u c t  runs  through t h e  f i r e w a l l  and 
connec ts  t o  t h e  b l eed  a i r  l i n e  i n  t h e  r i g h t  wing. No swive l  
j o i n t  is r e q u i r e d  wi th  t h e  f i x e d  engine .  I n  t h e  c u r r e n t  
XV-15, a p re -cooler  ( h e a t  *xchanger) i s  employed t o  reduce 
a i r  t e m p e r a t l r e  t o  27S°F. i n  t h e  l i n e  through t h e  wing 
and t h e  f u s e l a g e  t o  t h e  ECU, and a blower d r i v e n  by a u t i l i t y  
system h y d r a u l i c  motor provides  t h e  coo l ing  a i r  needed f o r  
t h e  low tempera ture  side of t h e  c o o l e r  i n  hover f l i g h t .  A 
s i m i l a r  system can be provided i n  t h e  HTR a i r c r a f t .  Hydraul ic  
motor ,  b lower ,  and h e a t  exchanger would be mounted under t h e  
s t r u c t u r a l  a d a p t e r  and w i t h i n  t h e  contour  of t h e  f i x e d  z i t  
f a i r i n g .  A less expensive a l t e r n a t i v e  t o  be eva lua t ed  i n  a 
d e t a i l  de s ign  phase i s  t o  omit  t h e  pre-cooler  and pas s  t h e  
b leed  a i r  a t  t h e  h ighe r  tempera ture  through wing and f u s e l a g e  
d u c t i n g  w i t h  ( a d d i t i o n a l )  i n s u l a t i o n  added and on t o  t h e  ECU. 
More d e t a i l s  of  t h e  c u r r e n t  system would have t o  be 
known. 
The p re l imina ry  des ign  e v a l u a t i o n  of t h e  powerplant i n s t a l l , -  
a t i o n  a s i n g  t h e  f i x e d  engine  arrangement i n d i c a t e s  t h a t  i t  
i s  s imple  and s t r a i g h t f o r w a r d .  Access f o r  i n s p e c t i o n ,  main- 
t enance ,  and engine  changes should n o t  pose problems. A l l  
subsystems a r e  convent iona l  and should match up w e l l  w i t h  
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the  current a i r c r a f t .  The subsystems are s i m p l i f i e d  by 
absence o f  requirements f o r  s e r v i c e  l i n e  sw ive l  j o i n t s .  
Handed parts  are  minimized i n  the  des ign;  f o r  i n s t a n c e ,  
the  cowl acces s  doors are interchangeable s i d e  t o  s i d e .  
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2.5 SUBSYSTEMS 
A schematic  arrangement of  t h e  subsystems and s e r v i c e  l i n e s  
i s  shown i n  Drawing SK-27256 (F igu re  2.35) . 
2.5.1 Hydraul ics  System 
The c u r r e n t  XV-15 h y d r a u l i c  system r e q u i r e s  some changes t o  
be made t o  accommodate t h e  h i n g e l e s s  tilt r o t o r  and Boeing 
Ver to l  c o n t r o l  system des ign  philosophy. F igure  2.36 shows 
a s i m p l i f i e d  schematic of  t h e  modified system. The changes 
are conf ined ,  however, t o  t h e  n a c e l l e  a rea .  Curren t  XV-15 
components can be used inboard of t h e  wing t ips  where a l l  t h e  
h y d r a u l i c  l oads ,  w i th  t h e  except ion  o f  t h e  r o t o r  power 
a c t u a t o r s ,  and a l l  t h e  f i l l  p o i n t s  a r e  loca t ed .  I n  t h e  re- 
v i s e d  arrangement a l l  r o t o r  a c t u a t o r s  can be se rved  by a l l  
t h r e e  hydrau l i c  systems - t h e  two ded ica t ed  t o  f l i g h t  c o n t r o l s  
and t h e  backup u t i l i t y  system which can be u t i l i z e d  v i a  a 
swi tch ing  va lve  system. Hydraul ic  pumps of a des ign  employed 
on t h e  Boeing Ver to l  YVd-61A pro to type  a i r c r a f t  a r e  used 
mounted on t h e  accessory  gearboxes (AGB) i n  t h e  t i l t i n g  
n a c e l l e s  a s  shown i n  Drawings SK-27244, SK-27256, and SK-27251. 
The pumps a r e  i n t e g r a l l y  a i r  cooled.  A primary f l i g h t  c o n t r o l  
pump is loca ted  i n  each n a c e l l e  and t h e  u t i l i t y  system pump 
is on t h e  l e f t  n a c e l l e  AGB. Eight  hydrau l i c  l i n e s  per  n a c e l l e  
a r e  brought a c r o s s  t h e  tilt j o i n t  from r o t o r  n a c e l l e  t o  f i x e d  
a f te rbody.  A s  noted p rev ious ly ,  p roper ly  guided and con- 
s t r a i n e d  s l a c k  loops i n  t h e  l i n e s  w i l l  provide f o r  ope ra t ion  
o f  t h e  r o t o r  n a c e l l e  through a 95' maximum angle .  Other 
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components of t h e  h y d r a u l i c  power supply system a r e  l o c a t e d  
i n  t h e  f i x e d  a f t e rbody  s e c t i o n  of t h e  r o t o r  n a c e l l e ,  The l e f t  
s i d e  n a c e l l e  c o n t a i n s  two each component modules, accumulators ,  
and swi tch ing  va lves .  These u n i t s  a r e  mounted on t o p  of 
t h e  f i x e d  a d a p t e r  s t r u c t u r e  a s  shown i n  Drawing SK-27244, and 
a r e  t h u s  r e a d i l y  a c c e s s i b l e  f o r  i n s p e c t i o n  and maintenance 
v i a  acces s  pane l s  i n  t h e  a f t e rbody .  A l l  l i n e s  are run out -  
s i d e  t h e  s t r u c t u r e  of t h e  n a c e l l e .  Component modules and 
o t h e r  components a r e  s i m i l a r  t o  t h o s e  used i n  t h e  Boeing 
Ver to l  YUH-61A p ro to type  a i r c r a f t .  The component module 
concept s i m p l i f i e s  t h e  s y s t e v  and reduces  p o t e n t i a l  l eak  
p o i n t s  by combining such items a s  r e s e r v o i r s ,  r e l i e f  v a l v e s ,  
t h e n n a l  and p r e s s u r e  s e n s o r s ,  f i l t e r s ,  and o t h e r  va lves  and 
items necessary  t o  t h e  system. 
2 .5 .2  E l e c t r i c a l  System 
On t h e  XV-15, t h e  e l e c t r i c a l  g e n e r a t i o n ,  convers ion ,  and 
d i s t r i b u t i o n  systems a r e  x r a n g e d  s o  on ly  two components 
a r e  l o c a t e d  i n  t h e  n a c e l l e s  - one 30 V.D.C. 300-ampere 
s t a r t e r  gene ra to r  pad mounted l o w  on each engine.  ~ h e s e  
u n i t s  p rovide  engine  s t a r t i n g  a c t i n g  a s  battery-powered motors 
and then  a c t  a s  g e n e r a t o r s  feed ing  t h e  two DC bus systems. 
Generator  c o n t r o l s ,  t h e  two b a t t e r i e s ,  DC and AC busses ,  DC 
t o  AC c o n v e r t e r s  ( 2 1 ,  and a s s o c i a t e d  r e l a y s  a r e  a l l  mounted 
i n  t h e  a i r c r a f t  f u s e l a g e  and e l e c t r i c a l  c a b l i n g  connec ts  
a c r o s s  t h e  wing froin n a c e l l e  g e n e r a t o r s  t o  t h e  f u s e l a g e  items 
noted .  
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On t h e  Boeing Ver to l  vers ion  of t h e  a i r c r a f t ,  t h e r e  a r e  two 
b a s i c  changes i n  t h e  system. Tho fly-by-wire f l i g h t  c o n t r o l  
system r e q u i r e s  t r i p l e  e l e c t r i c  supp l i e s  - t h u s ,  a small  DC 
genera tor  is added i n  t h e  r i g h t  s i d e  r o t o r  n a c e l l e  d r i v e 3  by 
t h e  accessory gearbox t o  g ive  a t h i r d  b a s i c  supply t o  t h e  two 
a l ready aboard. And s i n c e  t h e  engine i n  t h e  Boeing Vertol  
n a c e l l e  does not  tilt l i k e  t h a t  i n  t h e  b a s i c  XV-15, only one 
genera tor  output  cab le  ( t h a t  of t h e  added i t q m )  rms across  a 
tilt j o i n t  - on t h e  r i g h t  s i d e  - ins tead  of on both s i d e s  from 
t h e  engine-nounted genera to r s  on t h e  c u r r e n t  a i r c r a f t .  There 
a r e  var ious  e l e c t r i c a l  loads on both t h e  t i l t i n g  and noc- 
t i l t i n g  pos i t ions  of t h e  Boeing Vertol  nace l l e ;  some of these  
a r e  : 
Loads - Fixed Nacelle Loads - T i l t i n g  Nacelle 
Engine Transmission Sensors Rotor & Intermediate  Xmsn Sensors 
Engine Controls (F-B-W) Upper Controls Actuators  (F-B-W) 
Engine Condition Sensors Rotor Telemetry X r n t r  Pcwer 
Engine S t a r t e r  Hyd. Switch Valve Controls  (poss ib le )  
Fuel Flowmeter Sensor Hyd. System Sensors (poss ib le )  
F i r e  Detectors  RPM/Governor Sensors 
Extinguisher  Sys. Controls  Torquemeter Output 
Nacelle Nav. Lights 
Bleed A i r  Valve Control 
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2.5.3 Pneumatic System 
The engine  a i r  b leed  system i s  t h e  only pneumatic system 
i n  t h e  a i r c r a f t  and is desc r ibed  i n  Sec t ion  2.4.15. 
2.5.4 Cockpit  Disp lays / Ins t ruments  
A review has  been made of cockp i t  d i s p l a y  and c o n t r o l  items 
t o  a s s e s s  p o t e n t i a l  changes r equ i r ed  becauqe of  an  i n s t a l l -  
a t i o n  of Boeing V e r t o l  HTR n a c e l l e s  on t h e  XV-15 a i r c r a f t .  
When more d a t a  on t h e  c u r r e n t  XV-15 is a v a i l a b l e  a  more 
d e t a i l e d  e v a l u a t i o n  can be made. 
P i l o t  and Cop i lo t  Inst rument  Panel  Diep?,a_yr 
- Remove r o t o r  f l a p p i n g  i n d i c a t o r >  
- C r i t i c a l  monitor meter i s  i n t e r ~ r e t e d  a s  a 
c r u i s e  gu ide  i n d i c a t o r .  
Inst rument  Panel  Ceriter Sec t ion  
- Add f o u r  t r ansmis s ion  o i l  t e a p e r a t u r e s  and 
p r e s s u r e  i n d i c a t o r s .  
- Add a vo l tme te r  and an ammeter f o r  t h e  t h i r d  
channel e l e c t r i c a l  supply.  
- Revise 40-segment c a u t i o n  pane l  i f  and as 
r equ i r ed  f o r  fly-by-wire c o n t r o l  syfitem cau t ion  
in fo rma t ion ,  and t o  i nc lude  space f o r  t o t a l  of 
s i x  c h i p  d e t e c t o r s ,  s i x  p r e s s u r e s ,  cnd s i x  
tempera tures  t o  i n d i c a t e  d r i v e  system cond i t i on .  
Center  Console,  L e f t  S ide  
- Add a  new primary f l i g h t  c o n t r o l  system 
pane l .  
- P o s s i b l e  changes a r e  a n t i c i p a t e d  i n  t h e  
s t a b i l i t y  and c o ~ t r o l  aagmentation p a n e l ,  
t h e  RPM governor pane l ,  and t h e  two t h r o t t l e s  
due t o  t h e  new f l i g h t  c o n t r o l  system. 
Center  Console,  Right  S ide  
- Changes a r e  a n t i c i p a t e d  i n  t h e  RPM governor 
c o n t r o l  wheel and i n d i c a t o r .  
Overhead Console 
- Changes a r e  a n t i c i p a t e d  i n  t h e  e l e c t r i c a l  system 
c o n t r o l  pane l  and t h e  e l e c t r i c a l  system c i r c u i t  
b reakers .  
2 . 5 . 5  A i r c r a f t  - T e s t  I n s t rumen ta t ion  
The approach taken i n  e v a l u a t i n g  t h e  work r e q u i r e d  t o  
provide adequate i n s t rumen ta t ion  f o r  t h e  f l i g h t  t e s t  program 
assumed t h a t  t h e  a i r c r a f t  i n s t rumen ta t ion  used f o r  p r i o r  f l i g h t  
e v a l u a t i o n s  e x i s t s  and was adequate .  Thus, on ly  t h o s e  i t ems  
which a r e  s p e c i f i c  t o  t h e  n a c e l l e  and p e r t i n e n t  t o  t h e  tes t -  
ing  a r e  d i scussed  h e r e .  
One major change from prev ious  p r a c t i c e  r e s u l t s  from t h e  
des ign .  The r o t a t i n g  system d a t a  a r e  n o t  e x t r a c t e d  v i a  
s l i p r i n g s ,  bu t  a r e  t r a n s m i t t e d  t o  t h e  f i x e d  system us ing  an 
Acurex-Autodata Wlre less  Measurement System t o  provide  a  
r epa t chab le ,  f o u r  channel  system from each r o t o r .  
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- Acurex-Autodata Wireless Ileasurement System. 
Static Strain, Bandpass DC to 1 KHz, Four-Channel 
Capability, consisting of the following: 
1. 14odel 155s-4 four-channel receiver. One 
each required. 
2. Model 106s static strain signal conditioning 
cards. Four each required. 
3. Kodel 206A static strain transmitter. Four 
each required. 
4. Model 230A induced power regulator module. 
One each required. 
5 .  Model 234A custom induced power matching coil. 
One each required. 
6. Model 160A induction power oscillator. One 
each required. 
7. Model 160PS power supply. One each required. 
8. Model 1211s custom antenna matching network. 
One each required. 
Rotating system basic instrume~tation is anticipated to 
consist of blade root bending about two orthogonal axes for 
each blade and pitch link instrumentation to provide blade 
root torsion. The hub varrels will be instrumented for 
bending. Rotor shaft instrumentation will consist of bending 
bridges and torque gages. 
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The control system instrum/.\ ation is intrinsic to the 
system itself. Cockpit con'rol and actuator positions can be 
recorded from the fly-by-wire control transducers suitably 
buffered to prevent interference with system operation. The 
actuator force data will be recorded by strain gages on the 
lugs or shaft. 
Six accelerometers will be required on each nacelle frame 
arranged to measure the six components of linear and 
angular acceleration. Five additional accelerometers will 
be needed for each engine installation and at least one on 
each gearbox in the transmission. 
Strain gages will be used to provide strain data and loads 
on critical components of the flight-load paths. 
Normal flight instrumentation is required to measure - 
Transmission condition (temperature, pressure). 
Engine condition (temperature, pressure) . 
Engine and r3tor/drive tachometers. 
Engine fuel flow. 
Electrical system amperage and voltage. 
Hydrauliz system oil temperature and pressure. 
Caution panel displays. 
Torquemeter output. 
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2.6 POTJERED SEMI-SPAN TEST STAND IN NASA AMES 40-FOOT BY 
80-FOOT WIND TUNNEL , 
Figure 2.37 shows the HTR XV-15 integrally-powered nacelle 
assembly vertically mounted on an existing semi-span wing 
panel which is in turn adapted (using an existing assembly) 
to tr., NASA Arnes 40-foot by 80-foot wind tunnel floor. The 
nacelle system, consisting of a tilting (equivalent to 
lateral swiveling on the test unit) rotor portion, a fixed 
afterbody fairing, and an engine nacelle enclosing an oper- 
able turboshaft engine to drive the rotor, is essentially 
as shown in Drawing SIC-27244, Figure 2.2) . 
The principal differences froa the flight nacelle shown in 
the above drawings are that the engine and drive lubrication 
systems are revised, the wing cross-shaft and the accessory 
gearbox are eliminated (engine-to-rotor drive components are 
retained), and the tilt/swivel actuator is eliminated. The 
nacelle has provisions for manual swivel angle adjustments to 
several positions to duplicate various cases of hover, tran- 
sition, and cruise flight. The existing semi-:wan wing tip 
is modified to accept the nacelle. Nacelle and wing tip 
modifications all appear feasible, and the combination 
should provide an acceptable integrated, powered test rig 




2 .6 .1  NACELLE SUPPORT STRUCTURE AND AIRFRAME 
There a r e  t h r e e  major s t r u c t u r a l  i n t e r f a c e s  between t h e  
n a c e l l e  and t h e  e x i s t i n g  semi-span wing pane l  t o rque  box 
(BHC 300-018-015-1). The f i r s t  c o n s i s t s  of t h e  two p i l low-  
block f i t t i n g s  a f t  of  t h e  outboard end of t h e  r e a r  s p a r  
which form t h e  primary suppor t  s t r u c t u r e  f o r  a t i p  n a c e l l e .  
The e x i s t i n g  f i t t i n g s  (-31 and - 9 3 ) ,  even wi th  bushings 
removed, a r e  t o o  smal l  i n  bore  d iameter  (55-60%) t o  accep t  
t h e  s p i n d l e  i n s e r t  p o r t i o n  of t h e  SK-27245-2 s t r u c t u r a l  
a d a p t e r .  Th i s  adap te r  was s i z e d  t o  f i t  i.ntO t h e  p i l low-  
block of t h e  a c t u a l  XV-15 a i r c r a f t  wing a f t e r  removal of 
bea r ings .  E i t h e r  t h e  f i t t i n g s  must be r ep l aced  o r  t h e  
adap te r  s p i n d l e  r e v i s e d .  I t  was cons idered  bet ter  t o  make 
new to rque  box f i t t i n g s  r a t h e r  than  modify t h e  a d a p t e r ,  
s i n c e  t h i s  i s  s imp le r ,  t h e  j o i n t  i s  s t r o n g e r ,  and it i s  more 
a p p r o p r i a t e  t o  modify something o t h e r  t han  a l a r g e  p i e c e  
of f l i g h t  hardware. N e w  f i t t i n g s  of g r e a t e r  bore  and O.D. 
w i l l  be made. These l a r g e r  f i t t i n g s  w i l l  make l o c a l  "bumps" 
i n  t h e  wing contour ,  and t h e  BHC 300-018-22-1 o u t e r  t r a i l i n g  
edge f a i r i n g  s e c t i o n  w i l l  t hus  r e q u i r e  l o c a l  modif i -  
c a t i o n .  
The second major i n t e r f a c e  i s  t h e  to rque  r e a c t i o n  t i e - i n  
r e q u i r e d  between t h e  n a c e l l e  adap te r  (which does n o t  tilt/ 
swive l )  and t h e  to rque  box c l o s i n g  t i p  r i b .  Th i s  t i e  i s  
r equ i r ed  t o  keep t h e  engine  n a c e l l e  and a f t  f a i r i n g  s e c t i o n  
f i x e d .  D e t a i l  d e f i n i t i o n  cannot  be provided on t h i s  
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connection since the adapter-to-XV-15 flight wing tie has 
not been resolved because insufficient information is 
available concerning flight wing details. There should be 
no basic problem bolting a torque reaction arm on the 
adapter into the tip rib of the existing test wing panel 
once this information is available. 
The third interface is the connection to provide a manually 
step-variable tilt/swivel angle position of the rotor nacelle 
with respect to the wing in place of the tilt actuator used 
on the flight aircraft. This would consist of an adapter 
fitting mounted on the existing actuator output drive arm 
(see view C-C of SK-27244) with provisions for through- 
bolting to a quadrant-plate fixed to the cosing rib of the 
test wing torque box. This quadrant would be mounted edge- 
on to the tunnel windstream, and would include multiple 
bolt holes through a 95' arc to allow for manual swivel 
angle adjustment . Means for restraining and carefully moving 
the tilting nacelle during adjustment will be 
required. 
Since the configuration of the HTR XV-15 nacelle differs from 
those previously used with the test wing, other wing tip 
modifications are necessary. The BHC 300-018-015-91 fitting 
assembly at the tip is removed. New wing-to-nacell fairing 
assemblies axe required. The new fairing assembly would 
consist of a leading edge portion, central section, and 
trailing edge section on both top and undersides of the 
wing. All pieces would be easily removable. Additional 
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m o d i f i c a t i o n s  t o  t h e  t es t  wing w i l l  undoubtedly have t o  
be made t o  run  and t i e - i n  t h e  many and v a r i o u s  subsystem 
l i n e s  from t h e  t u n n e l  s e c t i o n  e x t e r i o r  a p  t o  t h e  
n a c e l l e .  
The f l i g h t  n a c e l l e  w i l l  be  provided w i t h  h o i s t  hard  p o i n t s  
n o t  on ly  f o r  l i f t i n g  and mounting on t h e  XV-15 a i r c r a f t  i n  
t h e  convent iona l  manner, b u t  a l s o  f o r  l i f t i n g  wh i l e  i n  t h e  
ro l l ed -on - i t s - s ide  a t t i t u d e  f o r  t h i s  t es t  work. The test  
wing, ground p l a n e ,  and floor-mounting a d a p t e r  assembly 
would be mounted i n  t h e  t u n n e l  f i r s t ;  n e x t ,  t h e  n a c e l l e  less 
r o t o r  b l ades  would be mounted on t h e  wing. 
S ince  t h e  n a c e l l e  c o n s i s t s  of a f i x e d  p o r t i o n  and a t i l t i n g /  
swive l ing  p o r t i o n ,  and t h e s e  must be shop-assembled p r i o r  
t o  e n t e r i n g  t h e  test s e c t i o n ;  a temporary means i s  r e q u i r e d  
t o  keep t.he two p o r t i o n s  i n  r e l a t i v e  f i x e d  o r i e n t a t i o n  
du r ing  nace l le -wins  assembly p r i o r  t c  t h e  hook-up a t  t h e  
swive l  quadran t  assembly on t h e  wing t i p .  A temporary 
t i l t / s w i v e l  l ock  can  be achieved by a b o l t u p  t a b  a r range-  
ment between t h e  f i x e d  n a c e l l e  s t r u c t u r a l  a d a p t e r  and t h e  
inboard  and ou tboard  t r u n n i o n  mount f i t t i n g s  on t h e  t i l t i n g  
r o t o r  n a c e l l e .  The f i n a l  items t o  be assembled would be 
t h e  r o t o r  b l a d e s  and s p i n n e r .  The two-pin r e t e n t i o n  
d e s i g n ,  between b l ade  r o o t  and p i t c h  s h a f t ,  outboard of t h e  
hub, should f a c i l i t a t e  t h i s  f i n a l  assembly.  
A review w i l l  be made of t h e  s t r u c t u r a l  adequacy of t h e  
BHC 300-018-015-1 t o rque  box and t h e  a d a p t e r  f o r  u se  w i t h  
D210-11360-1 
t h e  Boeing Ver to l  HTR XV-15 n a c e l l e  under loads  p e r t i n e n t  
t o  t h e  test  program. 
2.6.2 Rotor 
-
The r o t o r  f o r  use on t h e  test s tand w i l l  be a  s tandard 
f l i g h t  a r t i c l e  except  a  s p e c i a l  adapter  w i l l  be provided on 
t h e  hub t o  allow adding l u b r i c a t i o n  o i l  without  removing t h e  
r o t o r  from t h e  test  stand.  See Appendix 11. 
2.6.3 Powered T e s t  Stand Drive System 
The powered n a c e l l e  test fo rces  a l l  t h e  propulsion and d r i v e  
t r a i n  components (SK 27257, Figures 2.38 and 2 .39) ,  t o  l i e  
on t h e i r  l e f t  s ide .  The d r i v e  t r a i n  components a r e  
a t t i t u d e  s e n s i t i v e  only i n  r e l a t i o n  t o  t h e  l u b r i c a t i o n  system; 
i n  p a r t i c u l a r  the  dra inage ,  scavenge and b rea the r  loca t ion  
a r e  a f fec ted .  Therefore,  i n  t h e  powered n a c e l l e  t e s t  s p e c i a l  
provis ions  w i l l  be made t o  a ssure  s a t i s f a c t o r y  l u b r i c a t i o n .  
In some ins tances ,  modif icat ion of t h e  a i r c r a f t  hardware w i l l  
be made, i n  o t h e r s ,  s p e c i a l  t e s t  hardware w i l l  be s u b s t i t u t e d  
as  explained below. 
The engine box w i l l  be drained from two po in t s .  A l a r g e  
d r a i n  l i n e  w i l l  be connected t o  t h e  inboard face  of t h e  
housing, and a  smal ler  l i n e  w i l l  be connected t o  t h e  s e a l  
cap t o  d r a i n  t h i s  cav i ty .  Provis ions  f o r  both connections 
can be made i n  t h e  hardware i n i t i a l l y .  In  t h e  r ighthand 
n a c e l l e  t o  be t e s t e d ,  t h e  bevel gear  i s  a t  t h e  top  of t h e  
box. This  m a t e r i a l l y  improves t h e  scavsnge s i t u a t i o n  by 
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2.39. INSTALLATION - DRIVE SYSTEM - RIGHTHAND NACELLE 
MOUNTED VERTI('ALLY (XV-15 MODEL I N  40- X 80-FOOT 
TUNNEL) 
The i n t e r m e d i a t e  box w i l l  be d r a i n e d  from a s p e c i a l  c l o s e d  
end cap  cover ing  t h e  lowar ( i nboa rd )  s h a f t  e x t e n s i o n .  S ince  
no c r o s s - s h a f t  is used i n  t h e  n a c e l l e  t e s t ,  t h e r e  i s  no 
requirement  f o r  a dynamic s e a l  a t  t h i s  l o c a t i o n .  Add i t i ona l  
d r a i n a g e  w i l l  be prov ide6  a t  t h e  a p p r o p r i a t e  p l a c e  i n  t h e  
a i r c r a f t  sump. 
The r o t o r  box back cover  w i l l  be r o t a t e d  approximately  90' 
t o  l o c a t e  t h e  o i l  p ickup p o i n t  nea r  t h e  bottom a t  t h e  test 
a t t i t u d e .  Th i s  w i l l  b e  accomplished w i t h  a i r c r a f t  hard- 
w a r e .  
Ex tens ions  w i l l  be added t o  gearbox b r e a t h e r s  t o  r a i s e  them 
above o i l  l e v e l .  
The acces so ry  d r i v e  box w i l l  n o t  be p r e s e n t  i n  t h e  n a c e l l e  
tes t  arrangement.  Lubr i ca t i on  o i l  l e a v i n g  t h e  boxes w i l l  
be rou ted  down t h e  wing t o  t anks  l o c a t e d  under t h e  t e s t  
f l o o r .  Oil supply t o  t h e  boxes w i l l  be provided by f a c i l i -  
t y  pumps l o c a t e d  nea r  t h e  tankage.  O i l  coo l ing  w i l l  be 
provided by t u b e  t ype  c o o l e r s  l o c a t e d  nea r  pumps. F i l t r a t i o n  
w i l l  a l s o  be provided.  
I n  t h e  absence of t h e  acces so ry  d r i v e  box, h y d r a u l i c  and 
e l e c t r i c a l  power r e q u i r e d  t o  o p e r a t e  t h e  t e s t  c o n f i g u r a t i o n  
w i l l  be  s u p p l i e d  by t h e  f a c i l i t y .  
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2 . 6 . 4  C o n t r o l  System f o r  \,?ind Tunnel  
For t h e  Phese I1 Wind Tunnel  T e s t  t h e  a i r c r a f t  Pr imary F l i g h t  
C o n t r o l  System (PFCS) w i l l  a l l o w  manual c o n t r o l  o f  t h e  t h r e e  
( 3 )  r o t o r  c o n t r o l  a c t u a t o r s  t o  a l l o w  s e t t i n g  of  l o n g i t u d i n a l  
and l a t e r a l  c y c l i c ,  and c o l l e c t i v e  p i t c h ;  and t h e  c o n t r o l  of 
one e n g i n e .  
o The manual c o n t r o l  of t h e  r o t o r  w i l l  b e  v l a  
r edundan t  LVDTs i d e n t i c a l  t o  t y p e  p lanned  f o r  
a i r c r a f t  u s e .  A s u i t a b l e  manual i n p u t  d e v i c e  
t o  p o s i t i o n  ~ d  l o c k  t h e  LVDTs w i l l  be produced.  
The PFCS p a n e l  and l l a i n t e n a n c e  U n i t  w i l l  be 
i d e n t i c a l  t o  a i r c r a f t  c o n f i g u r a t i o n .  The a i r c r a f t  
e n g i n e  c o n t r o i  q u a d r a n t  w i l l  b e  used .  
o  The DEL C o n t r o l  U n i t  w i l l  be  i d e n t i c a l  of  t h e  
f i n a l  a i r c r a f t  d e s i g n  e x c a p t  t h a t  o n l y  t h e  c i r c u i t  
c a r d s  and w i r i n g  n e c e s s a r y  t o  c o n t r o l  t h e  s i n g l e  
r o t o r  w i l l  be i n s t a l l e d .  
o  Rotor c o n t r o l  a c t u a t o r s  and t h e i r  i n s t a l l a t i o n  w i l l  
be i d e n t i c a l  t o  t h e  a i r c r a f t  a r rangement .  
o  Power w i l l  be  ground based w i t h  a d e q u a t e  redundancy 
d e r i v e d  from b a t t e r i e s  and h y d r a u l i c  a c c u m u l a t o r s .  
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2.6.5 Powerplant f o r  Wind Tunnel T e s t  
The powerplant p o r t i o n  of t h e  HTR XV-15 n a c e l l e s  f o r  t es t  
s t a n d  o p e r a t i o n  w i l l  be g e n e r a l l y  similar t o  t h e  f l i g h t  
arrangement shown i n  Drawing SR-27244; however, c e r t a i n  
changes a r e  r e q u i r e d .  S ince  t h e  engine  i t s e l f  r e q u i r e s  
changes,  and f l i g h t  engines  a r e  n o t  l i k e l y  t o  be a v a i l a b l e ,  
ano the r  engine  probably needs t o  be added t o  t h e  program f o r  
t h i s  test  s t a n d  work. 
Engine - The LTClK-4K engine  has  a normal r o l l  a t t i t u d e  l i m i t  
of  20'. Opera t ion  on a test s t a n d  r o l l e d  90' on i ts  side 
is  f e a s i b l e  i f  t h e  engine  l u b r i c a t i o n  
system is  modif ied i n  t h e  a r e a  of o i l  scavenging and o i l  
system e x t e r n a l  e lements .  Discuss ions  w i th  Lycoming have 
i n d i c a t e d  t h a t  from t h e  engine  v iewpoin t ,  it i s  b e s t  t o  
mount t h e  u n i t  r o l l e d  on to  i t s  l e f t  s i d e  ( l ook ing  forward) 
t o  most e a s i l y  match engine  and t e s t  stand-mounted l u b r i c a t i o n  
components s i n c e  engine scavenge pumps and l i n e s  a r e  l o c a t e d  
on t h e  l e f t  s i d e .  This  d i c t a t e s  t h a t  t e s t i n g  be done on a 
r i gh thand  s i d e  n a c e l l e  ( a s  r ega rds  i n s t a l l a t i o n  on t h e  a i r -  
c r a f t ) .  The normal ongine o i l  tank i n  t h e  n a c e l l e  lower 
l i p  would n o t  be used. O i l  d r a i n  and p r e s s u r e  l i n e s  would 
run a f t  of t h e  r e a r  s p a r  down through t h e  wing t o  an e x t e r n a l  
system wi th  a t ank  and an addea boos t  pump. This  means 
t h a t  r e v i s i o n s  would have t o  be made i n  t h e  engine  compart- 
. 
ment t o  an e x t e r n a l  system. The r e q u i r e d  h o l e s  would be 
l a t e r  blocked i n  a r e v i s i o n  t o  a f l i g h t  system. 
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Nounting - The engine  mounting system w i l l  remain unchanged 
from t h e  f l i g h t  system. 
Cowling - No change from t h e  f l i g h t  system i s  env i s ioned  
except  t h a t  d r a i n  l i n e s  w i l l  have t o  be r e v i s e d  f o r  t h e  
on- the-s ide  o r i e n t a t i o n .  S ince  t h e  cowl pane l s  are ar ranged  
f o r  eng ine  removal v e r t i c a l l y  upward on t h e  a c t u a l  a i r c r a f t ,  
t h e  engine  cannot  be removed upward wh i l e  on t h e  test  s t a n d .  
Means must e i t h e r  be dev ised  t o  remove t h e  engine  sideways 
o r  remove t h e  whole n a c e l l e .  
F i r e w a l l s  - Addi t i ona l  h o l e s  a r e  r e q u i r e d  f o r  t h e  engine  
l u b r i c a t i o n  system l i n e s ,  b u t  t h e  b l eed  a i r  l i n e  can be 
omi t ted .  I t  may be p o s s i b l e  t o  pas s  t h e  o i l  l i n e s  through 
t h e  h o l e  f o r  t h e  b leed  a i r  l i n e .  Bleed a i r  i s  used t o  f eed  
t h e  a i r c r a f t  ECU b u t  i s  n o t  r e q u i r e d  on t h e  test  s t a n d .  
Engine A i r  I nduc t ion  - The engine  i n l e t  system i s  t h e  same 
a s  t h e  f l i g h t  system. 
Engine A i r  Exhaust  - Thi s  i s  i d e n t i c a l  t o  t h e  f l i g h t  system. 
Coolinq - Both engine  and engine  cornpartrent  c o o l i n g  on t h e  
t e s t  r i g  a r e  l i k e  t h e  f l i g h t  system. 
S t a r t i n a  - The 300 ampere DC engine  s t a r t e r / g e n e r a t o r s  of t h e  
f l i g h t  system should be s a t i s f a c t o r y  s i n c e  DC e l e c t r i c  
s t a r t i n g  power up t o  f i v e  t o  s i x  t i m e s  t h a t  amperage is 
a v a i l a b l e  a s  a  t u n n e l  u t i l i t y  i t e m .  E l e c t r i c a l  c a b l i n g  
would run  t o  t h e  s t a r t e r  on t h e  engine  from t h e  t u n n e l  power 
sou rce  up t h e  s e c t i o n  of t h e  t es t  wing a f t  of t h e  t o rque  
box, and through t h e  normal h o l e  i n  t h e  f i r e w a l l  f o r  a  
s t a r t i n g  c a b l e  from t h e  f l i g h t  a i r c r a f t  b a t t e r y  system. 
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Lubr ica t ion  - As noted above i n  Sect ion  2 .6  t h e  engine 
l u b r i c a t i o n  system e x t e r n a l  t o  t h e  engine is revised  because 
of engine a t t i t u d e  on t h e  test s tand.  The normal f l i g h t  o i l  
tank i n  t h e  n a c e l l e  w i l l  no t  be used; an e x t e r n a l  ( t o  t h e  
test s tand)  r e s e r v o i r  and pump w i l l  be added. O i l  cool ing 
v i a  t h e  f u e l  o i l  hea t  exchanger used on t h e  f l i g h t  a i r c r a f t  
should be s a t i s f a c t o r y ;  i f  n o t ,  an e x t e r n a l  o i l  cooler  can 
be added o u t s i d e  t h e  test  s tand.  O i l  l i n e s  w i l l  run up 
and down t h e  wing t r a i l i n g  edge s e c t i o n .  
Fuel Sys tem - On t h e  engine compartment s i d e  of t h e  f i r e w a l l ,  
t h e  f u e l  system of t h e  test s tand n a c e l l e  w i l l  be l i k e  t h e  
f l i g h t  system, inc luding f i l t e r  and f i r e w a l l  shutoff  valve.  
On t h e  o the r  s i d e  of t h e  f i r e w a l l ,  t h e  f u e l  feed l i n e  w i l l  
run down i n s i d e  t h e  wing a f t  of t h e  torque box s e c t i o n ,  and 
w i l l  connect t o  t h e  40-foot by 80-foot wind tunnel  f u e l  
system supplying JP-5. The engine is  compatible wi th  t h i s  
f u e l  type and t h e  engine f u e l  i n l e t  pressure  and f u e l  flow 
requirements a r e  w e l l  wi th in  t h e  NASA Ames JP-5 f u e l  system 
maximum supply values of SO gpm a t  100 p s i .  
F i r e  Detection System - The system i s  t h e  same a s  on t l ~ e  
f l i g h t  a i r c r a f t  and w i l l  be connected t o  t h e  appropr ia te  
tunnel  i n d i c a t o r s .  
F i r e  Extinguishing System - This i s  i d e n t i c a l  t o  t h e  f l i g h t  
n a c e l l e  system and w i l l  be connected t o  appropr ia te  a c t u a t i o n  
c o n t r o l s  i n  t h e  tunnel .  
I c e  P r o t e c t i o n  System - No hookup of  t h e  engine  i n l e t  a n t i -  
i c i n g  system is  a n t i c i p a t e d  f o r  t es t  work i n  t h e  t u n n e l .  
Engine A i r  Bleed - A s  noted i n  S e c t i o n  above,  a i r  b l eed  
i s  n o t  r e q u i r e d  on t h e  t e s t  s t a n d ,  s i n c e  i t s  on ly  f l i g h t  
f u n c t i o n  i s  t o  feed  t h e  f l i g h t  a i r c r a f t  environmental  c o n t r o l  
u n i t .  
2 . 6 . 6  U t i l i t y  Subsystems 
Hydrau l ic  System - a y d r a u l i c  s e r v i c e s  i n  t h e  test r i g  n a c e l l e  
a r e  r e q u i r e d  on ly  f o r  t h e  r o t o r  c o n t r o l  power a c t u a t o r s  - 
an element of t h e  f l i g h t  c o n t r o l  system. 
E l e c t r i c a l  System - E l e c t r i c a l  s e r v i c e s  t o  t h e  n a c e l l e  are 
a s s o c i a t e d  p r i m a r i l y  w i t h  t h e  engine  and f l i g h t  c o n t r o l s .  
Other e l e c t r i c a l  l oads  i n  t h e  t es t  n a c e l l e  a r e  shown on 
Schematic Drawing SK-27256. These i n c l u d e  t h e  fo l l owing ,  
which w i l l  be s e r v i c e d  by t h e  same e l e c t r i c a l  power supply .  
a .  Drive system t r ansmis s ion  c o n d i t i o n  s e n s o r s .  
b. Drive system torquemeter  ( f o r  r o t o r  d r i v e  
on ly)  . 
c .  Nace l l e  l i g h t s .  
d .  Rotor t e l e m e t e r i n g  t r a n s m i t t e r .  
Pneumatic - No pneumatic s e r v i c e s  a r e  r e q u i r e d .  
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2.6.7 Instrumentation 
Normal Flisht - This category of instrumentation covers 
those items normally included in the flight aircraft (normal 
instrument panel readout) separate and apart from test in- 
strumentation normally required for research, which would 
also be included in the test stand arrangement. These in- 
strumentation items will be hooked up to appropriate moni- 
toring displays in the tunnel control room. Included are 
systems for displaying: 
a. Transmission condition (temperature, pressure). 
b. Engine condition (temperature, pressure). 
c. Engine and rotor/drive tachometers. 
d. Engine fuel flow. 
e. Electrical system amperage and voltage. 
f. Hydraulic system oil temperature and pressure. 
g. Caution panel displays. 
h. Torquemcter output. 
i. Flight control system parameters. 
Research Test Stand Instrumentation - This section identifies 
the parameters and transducers to be measured during the 
Phase I1 wind tunnel test other than the normal flight in- 
strumentation 1is.ted above and detailed fly-by-wire c.,.~trol 
system measurements to be identified separately. 
Rota t ing  System - 
Rotor - s t r a i n  gage bending b r i d g e s  f o r  f l a p  
and chord bending a t  12 .5% r a d i u s  on each b l ade  
t o  measure s t e a d y  and a l t e r n a t i n g  bending loads .  
- b lade  ang le  t r a n s d u c e r  a t  b l ade  r o o t  on 
one b l ade  ( i . e . ,  r o t a r y  p o t  and r ack  and p in ion  
d r i v e )  . 
P i t c h l i n k s  - s t r a i n  gage b r i d g e s  t o  measure s t eady  
and a l t e r n a t i n g  p i t c h l i n k  compression l oads .  
S h a f t  Torque - s t r a i n  gages on r o t o r  s h a f t .  
Rotor Telemetry - S i g n a l s  w i l l  be t r a n s m i t t e d  from 
t h e  r o t a t i n g  t o  t h e  f i x e d  system,  u s ing  an Acurex- 
Autodata Wi re l e s s  Measurement System t o  prov ide  a  
r e p a t c h a b l e ,  four-channel  system from each r o t o r .  
- Acurex-Autodata Wireless fleasure- 
ment System, S t a t i c  S t r a i n ,  Bandpass DC t o  1 K H z ,  
Four-Channel C a p a b i l i t y ,  c o n s i s t i n g  of  t h e  fol low- 
i n g  : 
Model 155s-4 four-channel  r e c e i v e r .  One each  
r e q u i r e d .  
Model 106s s t a t i c  s t r a i n  s i g n a l  c o n d i t i o n i n g  
ca rds .  Four each r e q u i r e d .  
Model 206A s t a t i c  s t r a i n  t r a n s m i t t e r .  Four 
each  r e q u i r e d .  
Model 230A induced power r e g u l a t o r  module. 
One each r e q u i r e d .  
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5. Model 234A custom induced power matching 
c o i l .  One each requ i red ,  
6. Model 160A induction power o s c i l l a t o r .  One 
each required.  
7 .  Model 16OPS power supply. One each requi red .  
8.  Model 1211s custom antenna matching network. 
One each requi red .  
Fixed System 
a. Actuators  - r o t o r  system a c t u a t o r  f o r c e s  w i l l  
be recorded using e i t h e r  s t r a i n  gaged lugs  o r  
c a l i b r a t i n g  d e l t a  p across  t h e  p i s t o n  and 
recording.  
b. Nacelle Frame - s i x  l i n e a r  accelerometers  d i s -  
t r i b u t e d  t o  measure t h e  s i x  components of l i n e a r  
and angular  a c c e l e r a t i o n .  
- s t r a i n  gages a t  c r i t i c a l  po in t s .  
c .  Engine Mount - s t r a i n  gages on a l l  t h r e e  mounting 
po in t s .  
- f i v e  accelerometers .  
d .  Wing - s t r a i n  gage br idges  a s  c l o s e  t o  t h e  t i p  a s  
p r a c t i c a l  t o  measure chord and f l a p  bending, t o r s i o n  
normal f o r c e  ( shea r )  . 
- s i m i l a r  set a t  t h e  wing r o o t .  
e .  T o t a l  System Needs - tunne l  balance.  
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3.0 AIRCRAFT EVALUATI3N 
This  s e c t i o n  of t h e  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  t h e  
technology e v a l u a t i o n  of t h e  modif ied XV-15 a i r c r a f t  d e s c r i b e d  
i n  Sec t ion  2.0 of t h i s  document. Th i s  i n c l u d e s  t h e  a i r c r a f t  
performance,  f l y i n g  q u a l i t i e s ,  t h e  s t r u c t u r a l  i n t e g r i t y  o f  
t h e  a i r f r ame ,we igh t s ,  n o i s e ,  and a e r o e l a s t i c  i n t e r a c t i o n s .  A s  
might be expec t ed ,  t h e  c r i t i c a l  t e c h n o l o ~ y  q u e s t i o n s  i n  a l l  
of t h e s e  a r e a s  a r e  a s s o c i a t e d  w i th  t h e  presence  of t h e  r o t o r .  
Of t h e s e ,  t h e  q u e s t i o n  which i s  foremost  i s  t h a t  of r o t o r -  
a i r f r a m e  dynamic s t a b i l i t y  a t  t h e  h igh  advance r a t i o s  which 
t h e  tilt r o t o r  must a t t a i n  t o  ach ieve  i t s  unique c r u i s e  per-  
f  ormance . 
The p r e d i c t a b i l i t y  of r o t o r - a i r f r a m e  dynamics has  been demon- 
s t r a t e d  i n  tests of dynamical ly  similar models,  and i n  t u n n e l  
tests of f u l l  s c a l e  f l i g h t  worthy r o t o r s  o p e r a t i n g  a t  reduced 
t i p  speed t o  r e p r e s e n t  t h e  h ighe r  c r u i s e  advance r a t i o s .  There 
i s ,  t h e r e f o r e ,  a  very  h igh  l e v e l  of conf idence  t h a t  t h e  demon- 
s t r a t i o n  of s t a b i l i t y  a t  maximum speed on an a c t u a l  tilt r o t o r  
a i r c r a f t  w i l l  be accomplished i n  t h e  XV-15 f l i g h t  t es t  pro- 
gram. I n  each of  t h e  o t h e r  t e c h n i c a l  a r e a s  t h e r e  a l r e a d y  
e x i s t s  a demonstra ted methodology 2or p r e d i c t i n g  t h e  behavior  
of t h e  a i r c r a f t  and i t s  systems.  
I n  t h e  c u r r e n t  work t h e  t e c h n i c a l  e v a l u a t i o n  of t h e  HTR XV-15 
has  used t h e s e  methods t o  p rov ide  t h e  d a t a  g iven  i n  t h e  
fo l lowing  paragraphs .  
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3 .1  WETGHTS 
The mass p r o p e r t i e s  d a t a  presented he re in  represen t s  a sunrmary 
of t h e  weight and balance modi2icat ions assoc ia ted  wi th  mount- 
ing  a Boeing Ver to l  Hingeless T i l t  Rotor (HTR) on t h e  XV-15 
V/STOL T i l t  Rotor Research A i r c r a f t .  The d e l t a  weight empty 
assoc ia ted  wi th  these  a o d i f i c a t i o n s  is  +256.7 Kg (586 l b . ) .  
The XV-15 base weight empty used f o r  t h e  comparison was 
4,116.9 Kg (9,076 l b ) .  The HTR/XV-15 revised  weight empty is 
4,374 Kg (9,644 l b . ) .  
Table 3.1.1 summarizes t h e  HTR/XV-15 weight empty i n  
MIL-STD-451 group weight s tatement  format.  Table 3.1.2 com- 
pa res  t h e  group weights of t h e  XV-15 and t h e  HTR/XV-15 and 
i d e n t i f i e s  t h e  weight d i f fe rences .  Addit ional  d e t a i l s  on t h e  
weight empty changes are included i n  Tables 3.1.3 through 
3.1.6. Balance d e t a i l s  f o r  t h e  f ixed  pylon and c o n t e n t s ,  
engine c o n t r o l s  and con ten t s  and t h e  t i l t i n g  pylon and con- 
t e n t s  a r e  presented i n  Tables 3.1.7 through 3.1.9. 
HTR/XV-15 des ign  gross  weight,  balance and i n e r t i s  d a t a  f o r  
mast angles  between O 0  and 90° a t  t h e  XV-15 most forward and 
most a f t  hover CG limits a r e  presented i n  Table 3.1.10. 
A p r a c t i c a l  loading condi t ion  f o r t h e  HTR/XV-15 6,154 Kg 
(13,568 l b . )  design g ross  weight is shown i n  Table 3.1.11 with 
t h e  c r i t i c a l  po in t s  p l o t t e d  on t h e  e x i s t i n g  XV-15 c e n t e r  of 
g r a v i t y  l i m i t  diagram, Figure 3.1.1. These p o i n t s  are: 
(1) Weight empty 4374 Kg (9644 l b .  1,  ( 2 )  Minimum f l y i n g  
weight 4988 Kg (10997 lb .  ) , (3)  wi th  b a l l a s t  t o  CG a f t  
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l i m i t  5056 Kg (11,147 l b .  ) , ( 4 )  wi th  c o - p i l o t  5147 Kg 
(11,307 l b , )  , (5)  w i t h  maximum f u e l  5741 Kg (12,657 l b . )  , 
(6 )  w i th  payload 6154 Kg (13,568 l b ,  ) 
The HTR/XV-15 weights  presen ted  h e r e i n  were determined by 
u t i l i z i n g  a  combination of weight  e s t i m a t i n g  t echn iques  i n -  
c lud ing  t h e o r e t i c a l  stress a n a l y s i s ,  weight t r e n d s ,  l a y o u t  
c a l c u l a t i o n s ,  vendor q u o t a t i o n s  and t h e  a c t u a l  weights  of 
e x i s t i n g  a i r c r a f t  components. Data i s  presen ted  i n  both t h e  
i n t e r n a t i o n a l  system of u n i t s  ( S . I . )  and i n  U . S .  u n i t s .  
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T a i l  Group 
Horizontal T a i l  
Ve r t i ca l  T a i l  
Body Group 
Alighting Gear 
F l i g h t  Controls Group 
Cockpit Controls 
Automatic F l igh t  Controls System 
Rotor, Yon-Rotating 
Rotor, Rotating 
Wing and Empennage 
Conversion System 
Engine Section 
Fixed Struc ture  
Engine Nacelle 
T i l t i n g  S t ruc ture  
Propulsion Group 
Engine I n s t a l l a t i o n  
A i r  I ndue t i f a  
Exhaust Sys tam 
Lubrication Syst- 
. Fuel System 
Engine Controls 
S t a r t i n g  Syscem 
Drive System 
Gearboxes 




E l e c t r i c a l  Group 
Furnishings and Equipment Group 
Personnel Accaaamodations 
Miscellaneous Equipment & Furnishings 
Emergency Equipment 
A i r  Conditioning Equipment 
Contingency 
I WeIGHT EMPTY - KILOGRAMS 
WEIGHT (Kg) 
TABLE 3.1.1.GROUP WEIGHT STATEMENT - HTR/X; e l 5  iU.S. UNITS) 
GROUP 
Rotor Group 
Blade  Assembly 
Hub Assembly 
S p i n n e r  
Wing Group 
T a i l  Group 
H o r i z o n t a l  T a i l  
V e r t i c a l  T a i l  
Body Group 
A l i g h t i n g  Gear 
F l i g h t  C o n t r o l s  Group 
C o c k p i t  C o n t r o l s  
Automat ic  F l i g h t  C o n t r o l s  System 
Rotor, Non-Rotat ing 
R o t u r ,  R o t a t i n g  
Wing and Empennage 
Convers ion  System 
Engine  S e c t i o n  
Fixed S t r u c t u r e  
Engine N a c e l l e  
T i l t i n g  S t r u c t u r e  
P r o p u l s i o n  Group 
Engine  I n s t a l l a t i o n  
A i r  I n d u c t ]  on 
Exhaust  System 
L u b r i c a t i o n  System 
F u e l  System 
Engine  C o n t r o l s  
S t a r t i n g  System 
Dr jve  System 
Gearboxes 
I n t e r c o n n e c t  Dr ive  
Rotor Dr ive  
I n s t r u m e n t  Group 
H y d r a u l i c  Group 
E l e c t r i c a l  Group 
F ' u r r ~ i s h i n g s  and Equipment Group 
P e r s o n n e l  A c c m o d a t i o n s  
M i s c e l l a n e o u s  Equipment & F u r n i s h i n g s  
Emergency Equipment 
A i r  C o n d i t i o n i n g  Equipment 
Cont ingency 
WEIGHT EMPTY - POUNDS 
WEIGHTS 







T a i l  Group 
Hor izonta l  T a i l  
V e r t i c a l  T a i l  
Body Group 
Al ight ing  G e a r  
F l i g h t  Contro ls  Group 
Cockpit Contro ls  
Automatic F l i g h t  Contro ls  
System 
Rotor, Non-Rotating 
Rotor, Rota t ing  
Wing and Empennage 
Conversion System 
Engine Sec t ion  
Engine Mour~t/Fixed 
S t r u c t u r e  
Firewall/Engine Nacelle 
Cowl/Tilting S t r u c t u r e  
Propulsion Group 
Engine 1ns te l l . a t ion  
A i r  Induct ion 
Exhaust System 
Lubr ica t ion  System 
Fuel System 
Engine Con Lro 1s 
S t a r t i n g  System 
;.I. UNITS) 





























4 3 . 5  
- - 
dr ive  System 499.0 
Gearboxes f 445.9 
In terconnect  Drive : 23.6 
Rotor Drive ; 2 9 . 5  
Instrument Group 41. 
Hydr au 1 i c  Group 117. 
E l e c t r i c a l  Grotp 179. 
Furnishings and Equipment Group 1 7 5 .  
3ersonnel  Accommodations 127.9 
!4iscellaneous Equipment a a 
Furnishinas  7 15.9 
m r g e n c y  Equipment 
Air Condit ioning Equipment 
Zontingency 
- 











TABLE 3 . 1 - 2 .  GROUP WEIGHT STATEME 
(U.S. UNITS 
GROUP 
WEIGHT EMPTY - POUNDS I 9,076 
XV- 15  
Rotor  Group 
Blade Assembly 
Hub Assembly 
S p i n n e r  
Wing Group 
T a i l  Group 
H o r i z o n t a l  T a i l  
Vertical T a i l  
Body Group 
A l i g h t i n g  Gear 
F l i g h t  C o n t r o l s  Group 
Cockpi t  C o n t r o l s  
Automatic F l i g h t  C o n t r o l s  
System 
R o t o r ,  Non-Rotating 
Rotor ,  R o t a t i n g  
Wing and Empennage 
Conversion System 
Engine S e c t i o n  
Engine Mount/Fixed 
S t r u c t u r e  
F i rewal l /Eng ine  N a c e l l e  
Cowl /T i l t ing  S t r u c t u r e  
P r o p u l s i o n  Group 
Engine I n s t a l l a t i o n  
A i r  I n d u c t i o n  
Exha-s t Sys t e m  
L u b r i  a t L o n  System 
F u e l  System 
Engine Con t r o  1s 











2  09 
12 2  
8  7  
1 ,442  
508 
1 ,010  
46 
17 7 
3  0  4  
173 







1 , 0 8 5  
1 7  
1 7  
22 
19 2 
4 1  
96 
1 ,100 
I n t e r c o n n e c t  Drive  52 
Rotoi- Dr ive  6  5  
I n s t r u m e n t  Group 91 
Hydrau l i c  Group I 2  60 E l e c t r i c a l  Group 396 
F u r n i s h i n g s  and Equipment Grou? 386 
P e r s o n n e l  Accommodations 280 
Misce l l aneous  Equipment a d  35 
F u r n i s h i n g s  
Emergency Equipment i 7 1  A i r  C o n d i t i o n i n g  Equipment 100 Contingency 5  0  
TABLE 3.1.3. ROTOR GROUP WEIGHT SUMMARY 
( S . I .  UNITS) 
GROUP 
ROTOR GROUP 
. BLADES ( 6 )  
(INCLUDES 1 . 9  Kg TUNING 
WEIGHT, AND 1.8 Kg TIP 
WEIGHT PER BLADE) 
. HUB AND RETENTION ( 2 )  
ROTOR HUB ( 2 )  
PITCH SEIAFT ( 6 )  
CENTER BLOCK ( 2 )  
RETENTION POST ( 6 )  
RETENTION PIN ( 6 )  
ELASTOMERIC BEARING ( 6 ) 
BLADE ATTACHMENT P IN ( 1 2  
PIN BOLT ( 1 2 )  
PIN CAP ( 1 2 )  
OUTBOARD BEARING ( 6 ) 
INBOARD BEARING ( 6 )  
OUTBOARD LINER ( 6 )  
INBOARD LINER ( 6 )  
MOUNT BUSHING ( 2 4 )  
MOUNT STUD ( 2 4  
MOUNT SPACER (2) 
BEARING RETAINER ( 6 )  
LOWER POS ITIONER ( 2  
RESERVOIR ( 2 
OUTBOARD SEAL AND RACE ( 6 )  
INBOARD SEAL ( 6 ) 
dARDWARE, ETC. 
OIL 
. SPINNERS ( 2 )  
WEIGHT (Kg) 
D 2 1 0 - 1 1 3 6 0 - 1  
TABLE 3 . 1 . 3 .  ROTOR GROUP WEZGHT SUMMARY 
(U.S .  UNITS) 
GROUP 
ROTOR GROUP 
. BLADES ( 6 )  
(INCLUDES 4 . 2  POUNDS TUNING 
WEIGHT, AND 4 . 0  POUNDS T I P  
WEIGHT PER BLADE) 
. HUB AND RETENTION ( 2 )  
ROTOR HUB ( 2  
PITCH SHAFT ( 6 )  
CENTER BLOCK ( 2 )  
RETENTION POST ( 6 )  
RETENTION P I N  ( 6 )  
ELASTOMERIZ BEARING ( 6 ) 
BLADE ATTACHMENT P I N  ( 1 2 )  
P I N  BOLT ( 1 2 )  
P I N  CAP ( 1 2 )  
OUTBOARD BEARING ( 6 ) 
INBOARD BEARING ( 6 )  
OUTBOARD LINER ( 6 )  
INBOARD LINER ( 6 )  
MOUNT BUSHING ( 2 4 )  
MOUNT STUD ( 2 4  ) 
MOUNT SPACER ( 2 )  
BEARING RETAINER ( 6 ) 
LOWER POSITIONER ( 2 )  
RESERVOIR ( 2  ) 
OUTBOARD SEAL AND RACE ( 6 )  
INBOARD SEAL ( 6 )  
HARDWARE, ETC. 
O I L  
. SPINNERS ( 2 )  
' WEIGHT (LB)  ! 
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TABLE 3 1 4 FLIGHT CONTROLS WEIGHT SUMMARY ( S  . I. UNITS 
-FLY-BY-WIRE SYSTEM- 
GROUP 
E'LIGHT CONTROLS GROUP 
COCKPIT CONTROLS 
AUT~MATIC FLIGHT CONTROLS 
. CONTROL UNITS ( 2 )  
. FORCE FEEL ACTUATORS 
. CENTERING SPRINGS 
. MAGNETIC BRAKES 
. VISCOUS UAMPERS 
NON-ROTATING - ROTOR 





. PITCH LINKS 
. SUPPORTS AND MISC 
WING AND EMPENNAGE 
. WING & T A I L  ACTUATORS ( 4 )  
. CONTROL ELECTRONICS 
. THIRD CHALiEL GENERATOR 
. GENERATOR CONTROL 
. JUNCTION BOXES ( 3 )  
. ROTOR RPM TRANSDUCERS ( 6 )  
. NACELLE ANGLE TRANSDUCERS ( 2  
. LVDT TRANSDUCERS 
. WIRING 
. PANELS 
. SUPPORTS AND MISCELLANEOUS 
CONVERSION SYSTEM 
SPINDLE INSTALLATION, ACTUATORS, 
ETC . 
WEIGHT (Kg) 
TABLE  FLIGHT CONTROLS WEIGHT SUMMARY 
-FLY -BY-WIRE SYSTEM- 
(U.S .  UNITS) 
GROUP 
FLIGHT CONTROLS GROUP 
COCKPIT CONTROLS 
AUTOMATIC FLIGHT CONTROLS 
. CONTROL UNITS ( 2 )  
. FORCE FEEL ACTUATORS 
. CENTERING SPRINGS 
. MAGNETIC BRAKES 
. VISCOUS DAMPERS 
NON-ROTATING - ROTOR 





. PITCH LINKS 
. SUPPORTS AND MISC 
WING AND EMPENNAGE 
. WING & T A I L  ACTUATORS ( 4 )  
. CONTROL ELECTRONICS 
. THIRD CHANNEL GENERATOR 
. GENERATOR CONTROL 
. JUNCTION BOXES ( 3 )  
. ROTOR RPM TRANSDUCERS ( 6 )  
. NACELLE ANGLE TRANSDUCERS ( 2 )  
. LVDT TRANSDUCERS 
. WIRING 
. PANELS 
. SUPPORTS AND MISCELLANEOUS 
CONVERSION SYSTEM 
. SPINDLE INSTALLATION, ACTUATORS 
ETC . 
WEIGHT (LB)  
2 4  
6 0 
7 
1 0  
3 
-50 






L O O  
1 5  
3 
1 2  
1 
3 









. MAIN BOX ( 2 )  
. AFT BOX ( 2 )  
. FAIRING & DOORS 
ENGINE NACELLE ( 2  i 
TILTING STRUCTURE 
. STRUCTURE ( 2 )  
. FAIRINGS ( 2 )  
WEIGHT (Kg) 
ENGINE SECTION 
TABLE 3 . 1 . 5 . E N G I N E  SECTION WEIGHT SUMMARY 
( U . S .  UNITS) 
FIXED STRUCTURE 
GROUP 
. MAIN BOX ( 2 )  
WEIGHT (LF) 
. AFT BOX ( 2 )  
. FAIRING & DOORS 
ENGINE NACELLE ( 2 ) 
TILTING STRUCTURE 
. STRUCTURE ( 2 )  
. FAIRINGS ( 2 )  











FAIRING AND SUPPORTS 
INTERCONNECT DRIVE 
WING 
ENGINE TO mTERMEDIATE BOX 
INTERMEDIATE TO MAIN BOX 
3OTOR DRIVE 
WEIGHT (Kg) 
D 2 1 0 - 1 1 3 6 0 - 1  
TABLE 3 - 1 . 6 .  DRIVE SYSTEM WEIGHT SUMMARY 










FAIRING AND SUPPORTS 
INTERCONNECT DRIVS 
WING 
ENGINE TO INTERMEDIATE BOX 
INTERNEDIATE TO MAIN BOX 
ROTOR DRI-JE 
WEIGHT (LB) 
TABLE 3.1.7 .FIXED PYLON ATJD CONTENTS ( INBOARD) 
( S . I .  UNITS) 
WATER- 
LINE ( 2 )  
(MI 
WEIGHT 
PER S I D E  
(Kg) 
FUSELAGE BUTTLINE. 
. ( 7  9 3 )  ( 5 . 1 1 )  
GROUP 
I ENGINE SECTION-FIXED 
. MAIN STRUCTURE 
. AFT STRUCTURE 
. FAIRING 
TOTAL PER S I D E  1 




GROUP P WATER- LINE ( 2 )  ( I N .  FUSELAGE STATION (X) ( I N .  BUTTLINE (Y) ( I N .  
E N G m  SEXXICN-FIXED 
. MAIN STRUCTURE 
. AFT STRUCTURE 
. FAIRING 
I MISC. FIXED 
TOTAL PER SIDE 
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( 5 . 8 3 )  
5 . 8 3  
( 5 . 8 3 )  
5 . 8 3  
5 . 7 9  
5 . 9 3  
5 .83  
5 . 8 3  
( 5 . 7 6 )  
5 . 79  
5 .46  
5 . 7 9  
WAII'ER- 
LINE (2)  
(I!) 
( 2 . 5 5 )  
2 . 55  
( 2 . 5 5 )  
2 . 5 5  
2 .55  
2 . 5 5  
2 .55  
2 .55  
( 2 . 5 5 )  
2 . 5 5  
2 . 5 5  
2 .55  
ENGDlE SECTI(rJ - FIXED ( 2 4 . 9 )  
. COWLING / 24 .9  
PrOPULSION ( 2 8 0 . 8 )  
. ENGINE 245 .9  
. AIR INDUCTION 4 . 1  
. EXHAUST 4 . 1  
. LUBRICATION 5 .0  
. STARTING SYSTEM 2 1 . 7  
DFWE SYSIPl ( 4 6 . 3 )  
. ENGINE BOX 37 .7  
. DRIVE SYSTEM 4 . 5  
. SUPPORTS 6 FAIRING 4 . 1  
I TOTAL PER SIDE 1 352 I 
( I N .  
( 2 2 9 . 5 )  
229 .5  




. AIR INDUCTION 
. EXHAUST 
. LUBRICATION 
. STARTING SYSTEM 
DRIVE SYSTEM 
. ENGINE BOX 
. DRIVE SYSTEM 
. SUPPORTS & FAIRING 
-~ - -- ~~ 
TOTAL PER SIDE 1 776  
TABLE 3 .1 .9  .TILTING PYLON AND CONTENTS 
GROUP 
ROTOR 




. PITCH LINKS 
. ACTUATORS ( 3  
. HYDRAULIC PUMPS 
ENGINE SECTION 
. STRUCTURE 
. FAIRINGS 1 
. MISCELLANEOUS) 
DRIVE SYSTEM 
. MAIN BOX 
. INTERMEDIATE BOX 
. ACCESSORY BOX 
. ROTOR SHAFT 
. DRIVE SHAFT 
. LUBRI CAT f ON 
. MISCELLANEOUS 
'OTAL PER SIDE 
(NACELLE HORI ZOWTAL 1 
'OTAL PER SXDd 
(NACELLE VERTICAL 





2 6 0 . 5  
8 1 . 6  
2 8 . 1  
8 . 2  
3 4 . 0  
1 1 . 3  
4 8 . 1  
32 .2  
1 5 . 9  
1 9 6 . 4  
5 6 . 7  
5 9 . 4  
1 1 . 3  
2 1 . 3  
4.1 
3 7 . 7  




( 6 . 2 1 )  
6 . 2 1  
( 6 . 7 3 )  
6 .47  
6 .39  
6 . 7 7  
7 . 5 0  
( 7 . 0 7 )  
7 . 0 7  
7 . 0 8  
( 7 . 0 0 )  
6.64 
7 .  SO 
7 . 3 5  
6 - 4 6  
7 . 0 0  
6.94 
7 . 0 0  
TABLE 3.1 .9 .TILTiNG PYLON AND CONTENTS 
GROUP 
ROTOR 




. ?ITCH LINKS 
. ACTUATORS ( 3 )  
. HYDRAULIC PUMPS 
ENGINE SECTION 
. STRUCTURE 
. FAIRINGS 1 
. MISCELLANEOUS) 
DRIVE SYSTEM 
. MAIN BOX 
. INTERMEDIATE BOX 
. ACCESSORY BOX 
. ROTOR SHAFT 
. DRIVE SHAFT 
. LUBRICATION 
. MISCELLANEOUS 
'3TAL PER SIDE 
(NACELLE HORIZONTAL) 
'OTAL PER SIDE 
(NACELLE VERTI CALI 




( 5 5 2 )  
5 5 2  
( 1 8 0 )  
6 2  
1 8  
7 5 
2 5  
( 1 0 6  
71 
3 5 
( 4 3 3 )  
12 5 
1 3  1 
2 5  
4 7  
9 
8 3 
1 3  
FUSELAGE i BUTT I 
STATION I LINE  WATERLINE 
( X I  Ira. ( Y )  IN .  ( 2 )  IN.  
TABLE 3 . l .  1 0  . WEIGHT AND INERTIA DATA 
Fuse age g
AFT C.G. (TOTAL A1 RCRAF'T 
I X ( R o l l )  ( P i t c h )  Iz (Yaw)  
FORWAIiD C . G .  (TOTAL AIRCRAFT) 
PYLON DATA 
-
WEIGHT PER S I D E  (Kg) 
CENTER OF GRAVITY F . S . ( X I  
B . L .  ( Y )  
W.L. ( 7  




Mast Angle - Degrees 
0° I 90 
'HORIZONTAL ) CONVERSION 
I 
AOMENT FROM 0' TO 90' 
I 
r 1 , 0 7 3  Kc H (PER AIRCRAFT) 
AFT C.G. (TOTAL AIRCRAFT) 
FOPWARD C . G . (TOTAL AIRCRAFT) 
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TABLE 3.1.10.WEIGHT AND INERTIA DATA 
(U.S.  UNITS) 
W e i g h t  




A n g l e  
Degs .  
PYLON DATA 
- 0 O 
Mast An le - De rees 
I 90' 
1 
WEIGHT PER SIDE (LBS) 1,271 
CENTER OF GRAVITY F.S. (X) 260.8 297.3 
R.L. ( Y )  199.0 199.0 
W.L. ( 2 )  98.2 138.9 
INERTIAS (SLUG-FT~ )
I y  (ROLL) 18.7 98.0 
I,, (PITCH) 108.0 108.0 
IZZ (YAW) 98.0 18.7 
HORIZONTAL (X) CuNVERSION MOMENT F3OK O0 TO 90' 






F u s e l a g e  
S t a t i o n  












L i n e  
( Z )  I N .  
I x ( R o l 1 )  
S l u g - F t L  
52,293 
I y ( P i t c h )  
s l u g - F t 2  
i 
IZ (Yaw) ( 
s l u g - F t 2  
52,784 14,788 
53,497 15,154 62,086 
1 
53,802 15,392 61,943 
53,989 15,443 61,888 
14,451 62,585 
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TABLE 3 . 1 - 1 1 . D E S I C ; N  GROSS WEIGHT AND BALANCE SUMMARY 
WEIGHT STATION MOMENT 5GROUP 
WEIGHT EMPTY 
PILOT (1) 
TRAPPED LIQUIDS & OIL 
ENGINE OIL 






AVIONICS AND NAVIGATION 
ENVIRONMENTAL CONTROLS 
PACKAGE 







. FUEL (MAXI 
. PAYLOAD 
DESIGN GROSS WEIGHT 
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. PILOT (1) 
. ThAPPED LIQUIDS & OIL 
TYGINE OIL 
TRAPPED ENGINE OIL 
UNUSABLE FUEL 
. OXYGEN 
. RESEARCH INSTRU-MENTATION 
FIXED 
PORTABLE 
. AVIONICS AND NAVIGATION 
. ENVIRONMENTAL CONTROLS 
PACKAGE 
. CONTROL SHAKER INSTALL- 
AT I ON 
. FUEL 
M I N I M U M  FLYING 
WEIGHT 
. BALLAST 
I . CO-PILOT 
. PAYLOAD 
1 DESIGN GROSS WEIGHT 
WEIGHT 
(LB 
9 , 6 4 4  
200 
5 3  
4 
1 9  
6 0 
7 4 9 
00  
49 
1 4  4 
27 
1 7  
8 0 
l O , 9 9 7  
STAT1 ON 
INCHES ) 
306 .8  
208.0 
305 .4  
330 . O  
304 .2  
1 6 4 . 6  
309 .3  
243 .0  
428 .0  
323 .0  
304.2 
( 3 0 3 . 8 )  
MOMENT 
(IN. -LB) 
2 , 9 5 8 , 3 7 5  
41 ,600  
1 6 , 1 8 6  
1 , 3 2 0  
5 , 7 8 0  
9 , 8 7 5  
231 ,650  
3 4 , 9 9 4  
1 1 , 4 2 8  
5 , 4 6 5  
2 4 , 3 3 6  
3 ,341 ,009  
2 0 , 4 0 0  
3 ,361 ,409  
41 ,600  
3 ,403 ,009  
388 ,077  
3 ,791 ,086  
288 ,;e7 













































































































































































































































This  subsec t ion  p r e s e n t s  t h e  e s t ima ted  performance f o r  t h e  
HTR XV-15. The performance was computed fo l lowing  a  review 
and updat ing of t h e  fo l lowing  a r e a s  t o  r e f l e c t  t h e  f i xed -  
engine con f igu ra t ion .  
o  Engine Performance 
o  Airframe Aerodynamics 
o  Meiqhts 
3 .2 .1  Engine Performance 
I n s t a l l e d  engine  performance was c a l c u l a t e d  us ing  t h e  Lycoming 
Blodel S p e c i f i c a t i o n  No. 104.47 f o r  t h e  LTC 1 K - 4 K  t u r b o s h a f t  
engine  account ing f o r  t h e  fo l lowing  i n s t a l l a t i o n  e f f e c t s  . 
o I n l e t  p e r s s u r e  l o s s .  
o 454 kw ( 6 . 9 5  shp)  power e x t r a c t i o n  
from t h e  engine  accessory  pad. 
o  Exhaust t a i l p i p e  a r e a  0.11m2 (164 
squa re  i nches )  . 
I n  t h e  hover p o s i t i o n  t h e  r o t o r s  may induce a c r o s s  flow a t  
t h e  engine  i n l e t s  r e s u l t i n g  i n  a  smal l  r e d u c t i o n  i n  i n l e t  
t o t a l  p r e s s u r e  recovery.  ?he assumed t o t a l  p r e s s u r e  recovery 
v a r i a t i o n  wi th  llach number, i nc lud ing  e s t i m a t e s  f o r  t h i s  
e f f e c t  i n  hover and t r a n s i t i o n ,  i s  p re sen ted  i n  F igu re  
3 .2 .1 .  
The t a i l p i p e  a r e a  of 0 .  1 L n 2  (164 square  i nches )  was s e l e c t e d  
t o  minimize momentum d r a r  i n  forward f l i g h t  a t  p a r t i a l  power 
wi thout  p e n a l i z i n g  hover performance e x c e s s ~ v e l y .  
HTR XV-15 - ENGINE INLET PERFORMANCE 
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FIGURE 3.2.1. PREDICTED ENGINE INLET PERFORMANCE 
Engine r a t i n g s  a r e  a s  f o l l o w s :  
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4 R  performance i s  p r e s e n t e d  i n  F i g u r e s  3.2.  
ant! 3 . 2 . 3 .  
3.2.2 Ai r f rame  Aerodynamics 
The aerodynamics  of  t h e  b a s i c  t i l t i n g - e n g i n e  XV-15, a s  p r e -  
s e n t e d  i n  Refe rence  1,  were rev iewee  and a d j u s t m e n t s  were 
ma2e t o  r e f l e c t  t h e  e f f e c t  of t h e  f i x e d  e n g i n e s  on t h e  wing- 
n a c e l l e - e n g i n e  l i f t ,  d r a g  an? p i t c h i n g  moment. No change was 
e s t i m a t e d  i n  t h e  w i n g - n a c e l l e  l i f t  o r  p i t c h i n g  moment. Drag 
was e s t i m a t e d  t o  be unchanged i n  t h e  c r u i s e  c o n f i g u r a t i o n ,  
( n a c e l l e  a n g l e  iN = 0') . The d r a g  c o e f f i c i e n t  a t  z e r o  l i f t  
w i t h  t h e  n a c e l l e s  up (iN = 90°)  was reduced  from CD, = .212 t o  
C D ~  = '125 b e c a u s e  of t h e  lower  c r o s s  s e c t i o n a l  a r e a  p r e s e n t e d  
by t h e  Boeing n a c e l l e  d e s i g n  i n  h e l i c o p t e r  f l i g h t .  
3 . 2 . 3  - Hover Performance 
The performance i n  hover  of t h e  HTR XV-15 was computed u s i n g  
t h e  i n s t a l l e d  e n g i n e  d a t a  p r e s e n t e d  i n  S e c t i o n  3 .2 .1  and t h e  
r o t o r  performance p r e d i c t e d  i n  R e f e r e n c e  5.  T h i s  r o t o r  
h a s  been t e s t e d  i n  t h e  NASA Arnes 40- by 80- foo t  wind t u n n e l  
(Refe rence  3 ) .  An e n g i n e - t o - r o t o r  power t r a n s m i s s i o n  
D210-113 60-1 
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e f f i c i e n c y  of 0 .97  was used, based on an a n a l y s i s  of t h e  
gear  t r a i n s .  
The VTOL performance is  shown i n  Figure 3 . 2 . 8 . i n  t h e  form of 
hover c e i l i n g  versus  g ross  weight f o r  out-of-ground-effect 
(OGE) hover with both  engines opera t ing  (AEO) and wi th  one 
engine inopera t ive  ( O E I ) .  The d a t a  i s  presented f o r  s tandard 
day ambient temperatures and f o r  t r o p i c a l  day condi t ions  a t  
two values  of  l i f t - to -we igh t  r a t i o n ,  L/V. L i f t  i s  def ined a s  
t h e  n e t  v e r t i c a l  f o r c e  a v a i l a b l e ,  allowing f o r  download l o s s e s .  
A va lue  of 7 %  of t h r u s t  was assumed f o r  t h e  download exper- 
ienced o u t  of  ground e f f e c t .  Thus, a  value of L/W equal  t o  
1.0 represen t s  a  thrust- to-weight  r a t i o ,  T/W, equal  t o  1.0753 
and f o r  L/W = 1.1, T/W = 1.1828. 
A L/W = 1 . 0  corresponds t o  maximum hover performance c a p a b i l i t y  
a s  nornal ly  def ined f o r  h e l i c o p t e r s ,  while L/W = 1.1 provides 
a  10% margin t h a t  can be used f o r  maneuver. 
With a l l  engines opera t ing  a t  takeoff  power s e t t i n g ,  the  HTR 
XV-15 can hover a t  80Sk kg (17,750 l b s )  a t  s e a  l e v e l ,  s tandard 
day o r  a t  6917 kg (15,250 l b s )  a t  sea  l e v e l ,  t r o p i c a l  day. 
With one engine shu t  down and t h e  remaining engine opera t ing  
a t  contingency power, a t  sea  l e v e l ,  s tandard  day,  t h e  a i r c r a f t  
can hover a t  a  gross  weight of 5511 kg (12,150 l.bs) , while 
a t  t r o p i c a l  condi t ions  hover weight i s  4830 kg (10,650 
Maximum hover c e i l i n g  AEO i s  5486 meters (18,000 f e e t )  , 
standard day a t  t h e  minimum f l y i n g  weight of 4664 kg (10,284 l b s )  . 
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F i g u r e  3.2.4.shows t h e  e f f e c t  of o u t s i d e  a i r  t e m p e r a t u r e  (OAT) 
on s e a  l e v e l  hover  performance.  The NASA g o a l  of OGE hover  
w i t h  one e n g i n e  s h u t  down can be met a t  a  f l i g h t  S r o s s  w e i g h t  
of 5488 kg (12,100 l b s )  a t  sea l e v e l  s t a n d a r d .  A t  h i g h e r  
t e m p e r a t u r e s  performance is l i m i t e d  by e n g i n e  power a v a i l a b l e ,  
w h i l e  below s t a n d a r d  t e m p e r a t u r e  t h e  t o r q u e  a l l o w a b l e  on t h e  
c r o s s  s h a f t  i s  l i m i t i n g .  
With a l l  e n g i n e s  o p e r a t i n g ,  hover  performance a t  ambien t  
t e m p e r a t u r e s  g r e a t e r  t n a n  s t a n d a r d  i s  a g a i n  l i m i t e d  by power 
a v a i l a b l e .  Below t h i s  t e m p e r a t u r e ,  u s e a b l e  power is l i m i t e d  
by t h e  a l l o w a b l e  t o r q u e  on t h e  i n t e r m e d i a t e  s h a f t .  
A t  d e s i g n  g r o s s  w e i g h t  6154 kg (13,568 l b s )  t h e  a i r c r a f t  can  
hover  OGE i n  t e m p e r a t u r e s  up t o  43OC ( l l O ° F )  and a t  minimum 
f l y i n g  w e i g h t  can  hover  up t o  35OC (96OF). 
3.2.4 T r a n s i t i o n  
The power r e q u i r e d  i n  t r a n s i t i o n  i s  p r e s e n t e d  i n  F i g u r e  3 .2 .5 .  
a s  a  f u n c t i o n  of  a i r s p e e d  f o r  d i f f e r e n t  n a c e l l e  a n g l e s .  The 
v a l u e s  shcwn a r e  f o r  s e a  l e v e l ,  s t a n d a r d  day a t  t h e  d e s i g n  
g r o s s  we igh t  of 6154 kg (13,568 l b s ) .  The maximum c l i m b  p e r -  
formance a v a i l a b l e  d u r i n g  t r a n s i t i o n  i s  p r e s e n t e d  i n  F i g u r e  
3 . 7 . 6 .  The r a t e  o f  c l i m b  1s a l s o  shown f o r  t h e  c o n d i t i o n  when 
f u s e l a g e  a t t i t u d e  i s  m a i n t a i n e d  l e v e l .  
3 .2 .5  C r u i s e  
The c r u i s e  performance of  t h e  HTR XV-15 a t  t h e  d e s i g n  g r o s s  
w e i g h t  is  s h o w  i n  F i g u r e  5 , ?  . 7  With a l l '  e n g i n e s  o p e r a t i n g  
t h e  maximum speed i s  l i m i t e d  by t r a n s m i s s i o n  t o r q u e  up t o  a n  
D210-11360-1 
a l t i t u d e  o f  5 . 2  km (17,000 f e e t )  where a true airspeed o f  
324 knots is a t t a i n a b l e .  With one engine inoperat ive ,  torque 
is l i m i t i n g  up t o  1 km (3 ,300 f e e t ) .  Beyond t h i s  a l t i t u d e ,  
a t  normal rated power 212  knots can.be  a t ta ined  a t  3 km 
(10,000 f e e t ) .  
HTR XV-15 - EFFECT OF PSIBICNT TEXPEPATUARE ON HOVER 
PERFORNANCE 
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lbs). With one engine inoperative this is reduced to 201119 
(6,600 feet). The corresponding tropical day performance is 
4298m (14,100 feet) AEO and 762m (2,500 feet) OEI. As noted 
on the figure, the hover performance is not torque limited. 
The rate-of-climb capability at normal rated power is pre- 
sented in Figure 3.2.9 for three different gross weights. 
Below 3 km (10,000 feet) transmission torque limits the rate 
of climb. At the design gross weight sea level, rate of 
I climb is estimated to be 16.5 m/s (3,250 ft/min.). 
3.2.6 Mission Performance 
Payload versus range capability of the HTR XV-15 is shown in 
Figure 3.2.10 at the design gross weight and at 7258 kg 
(16,000 lbs) . The data is for a 6096m (20,000 feet) cruise 
altitude. Maximum range at the design takeoff weight is 
approximately 611 km (330 nautical miles). Allowance was 
maze for a 10% fuel reserve. 
The generalized mission endurance of the aircraft is presented 
in Figure 3.2.11 as a plot of hover time versus loiter time 
for various cruise times. The lines of constant c-aise time 
include the time required to climb to the 20,000 feet cruise 
altitude. The definition of the mission is as follows: 
1. Hover at L/W = 1.0 for 1/2 hover time at 
sea level. 
2. Climb to 6096m (20,000 feet). 
3. Cruise at 99% best range speed for 1/2 
cruise time. 
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HTR XV-15 - GENERALIZED ENDURANCE AVAILABLE 
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FIGURE 3.2.11. GENERALIZED ENDURANCE CAPABILITY 
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Trans fe r  t o  3048m (10,000 f e e t ) .  
L o i t e r  a t  besk endurance speed. 
T rans fe r  t o  6096m (20,000 f e e t ) .  
Cru ise  f o r  1 / 2  c r u i s e  t i m e  a t  b e s t  range 
speed. 
T rans fe r  t o  s e a  l e v e l .  
Hover f o r  1 1 2  hover t i m e  a t  s e a  l e v e l  a t  
L/W = 1.0.  
For c r u i s e  times g r e a t e r  than  0.4 hours  t h e  c r u i s e  inc ludes  
f u e l  and t i m e  f o r  climb t o  20,000 f e e t .  For c r u i s e  times 
less than 0.4 hours t h e  f u e l  and t i m e  t o  climb t o  10,000 f e e t  
is included.  The ca lcuLat ions  were made f o r  a  t akeof f  weight 
of  6154 kg (13 , 568 l b s )  - t h e  des ign  g r o s s  weight - and 
inc lude  a  f u e l  r e s e r v e  of 1 U %  of i n i t i a l  f u e l .  The gene ra l i zed  
mission performance p l o t  shows, f o r  example, t h a t  a  t o t a l  
mission time of 1 . 5  hours can comprise e i t h e r  one hour of 
l o i t e r ,  0.4 hours  of c r u i s e  and 0 .1  hours  of hover;  o r ,  ze ro  
hover t i m e  wi th  0.7 hours  of l o i t e r  and 0.8 hours  o f  c r u i s e .  
3.2.7 Comparison With E x i s t i n g  XV-15 Performance 
Some comparisons of t h e  performance of t h e  f ixed-engine HTR 
XV-15 wi th  t h a t  publ ished f o r  t h e  XV-15 a r e  p re sen ted  i n  Table  
3.2.1. Data f o r  t h e  XV-15 performance was ob ta ined  from B e l l  
He l i cop te r  Company Report 301-199-001, Revision A. The com- 
par i son  is  based on t h e  assumption t h a t  both a i r c r a f t  a r e  
r equ i r ed  t o  c a r r y  t h e  same u s e f u l  load .  
TABLE 3 . 2 . 1 .  PERFORMANCE COMPARISON 
Design Gross Weight, kg (Ib) 
Weight kg (a) 
Useful b a d  kg (Ib) 
Max. Level Flight Speed a t  m q u e  
Limit, Knots 
Sea Level Standard Day 
6096m (20000 f t )  a t  NIP 
Hover Endurance, Hours 
Max. Rate of Climb at Tarque Limit, 
vs (ft/min) 
Helicopter i~ = 75O 
Airplane i~ = 0° 
Hover Ceiling m (f t) Std Day, CGE, 
T.O. Pawer 
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3.3 NOISE ASSESSMENT 
3.3.1 Methodclogy f o r  Far F i e l d  and Near F i e l d  Noise 
Pred ic t ion  
Far - f i e ld  (g rea te r  than one r o t o r  diameter  from blade t i p s )  
noise  f o r  t h e  Boeing Ver to l  Hingeless Rotor v a r i a n t  of t h e  
XV-15 tilt r o t o r  a i r c r a f t  were assessed ,  using t h e  Graphical 
P red ic t ion  Methods of t h e  FAA Report FAA-RD-76-49, 11 (V/STOL 
Rotary Proru l s ion  Systems Noise Pred ic t ion  and Reduction) .  
The p rope l l e r  no i se  method of t h e  r e p o r t  was s e l e c t e d  i n  pref -  
erence t o  h e l i c o p t e r  r o t o r  no i se  c a l c u l a t i o n  methods, s i n c e  
t h e  tilt r o t o r  with i t s  g r e a t e r  blade aerodynamic t w i s t  has a 
spanwise a i r l o a d  d i s t r i b u t i o n  which more c l o s e l y  resembles a 
f r e e  a i r  p rope l l e r  than a  h e l i c o p t e r  r o t o r .  The p red ic t ion  
inc ludes  t h e  combined e f f e c t s  of s teady loading no i se ,  un- 
s teady loading noise ,  and broadband no i se ,  and c a l c u l a t e s  t h e  
frequency spectrum a s  w e l l  a s  t h e  perceived noise  l e v e l  (PNL) . 
Near-field ( l e s s  than one r o t o r  diameter from blade t i p s )  
noise  was est imated using t h e  p red ic t ion  procedure f o r  propel- 
lers contained i n  t h e  SAE Aerospace Information Report 1407 
(5/77).  This  method c a l c u l a t e s  t h e  noise  on t h e  fuse lage  sur-  
f ace  using input  parameters of propel ler-diameter ,  t ipspeed,  
power inpu t ,  and r e l a t i v e  l o c a t i o n  t o  t h e  fuse lage .  
3.3.2 Hover Noise 
Figure 3.3.1 shows t h e  predic ted  perceived wise l e v e l  (PNL) 
f o r  a  range of t ipspeeds  and g ross  weights f o r  a  d i s t a n c e  of 
500 f e e t  from t h e  prop/rotors .  Also noted on t h e  f i g u r e  i s  
t h e  PNL f o r  t h e  design condi t ion .  The f i g u r e  i l l u s t r a t e s  
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no i se  s e n s i t i v i t y  t o  t i p speed  and g r o s s  weight ,  and shows 
t h a t  over  a range of g r o s s  weights  from 5591 kg (12300 l b )  t o  
7091 kg (15600 lb) t h e  n o i s e  l e v e l  i n c r e a s e s  from 88.5 PNdb 
t o  91 PNdb. The perce ived  n o i s e  l e v e l  i s  seen t o  be propor- 
t i o n a l  t o  t i p speed .  Howeve:, n o i s e  r e d u c t i o n  r e s u l t i n g  from 
a  reduced t i p speed  would p e n a l i z e  hover performance.  . 
3.3.3 Cru i se  Noise 
During a  c r u i s e  c o n d i t i o n ,  as shown i n  F igu re  3 .3 .2 ,  t h e  tilt 
p rop / ro to r  p rovides  an e x c e l l e n t  c o n f i g u r a t i o n  f o r  minimum 
n o i s e  exposure  due t o  i t s  low t ip speed  (525 f e e t  pe r  s econd) ,  
end l i g h t l y  loaded r o t o r  (1.36 l b s / f t 2  - wi th  t h e  26-foot 
d iameter  r o t o r ) .  
A PNL comparison of t h r e e  c r u i s e  a i r s p e e d s  (160, 200 and 250 
kno t s )  i s  shown f o r  a  ground p o i n t  1,0C3 f e e t  below t h e  f l i g h t  
pa th .  As i n d i c a t e d  i n  t h e  f i g u r e ,  t h e  g r e a t e r  a i r s p e e d s  cause  
an i n c r e a s e  i n  t h e  maximum l e v e l s  perce ive< by t h e  observer  
f o r  s h o r t e r  time d u r a t i o n s .  
A t  a normal c r u i s e  speed of 200 k n o t s ,  t h e  maximum PNL does  
n o t  exceed 61 dB and i n c r e a s e s  above 50 d B  f o r  approximately 
only t e n  seconds.  
3.3.4 Noise a t  t h e  Fuselage 
The n e a r - f i e l d  n o i s e  on t h e  r o t o r ,  du r ing  c r u i s e  a t  t h e  near-  
es t  p o i n t  on t h e  f u s e l a g e  r e l a t i v e  t o  t h e  p r o p / r o t o r ,  i s  shown 
i n  F igu re  3.3.3. These r e s u l t s  show t h a t  n o i s e  p r e s s u r e  l e v e l  
is h igh ly  s e n s i t i v e  t o  t h e  s e p a r a t i o n  between f u s e l a g e  and 




































































































































































































































































































































































provid ing  a 12-inch r o t o r  t i p - to - fuse l age  minimum c l e a r a n c e ,  
and a low t ip speed  (525 f e e t  pe r  s econd) ,  t h e  p r e d i c t e d  over-  
a l l  sound p r e s s u r e  l e v e l  i s  133.5 dB. Th i s  i s  s u b s t a n t i a l l y  
below t h e  c r i t e r i o n  l e v e l  of 140 dB l e v e l  quoted i n  
MIL-A-8893 (US=), "Airplane S t r eng th  and R i g i d i t y ;  Sonic  
F a t i g u e , "  f o r  d i s c r e t e  f requency n o i s e  o r  p rop / ro to r  harmonic 
n o i s e ,  f o r  which a r e a s  of  t h e  f u s e l a g e  a r e  t o  be cons idered  
s u s c e p t i b l e  t o  s o n i c  f a t i g u e .  
3.4.1 Methodology 
The HTR XV-15 was evaluated using the methodology of NASA TN 
D-8515. This methodology was developed by D r .  Wayne Johnson 
of t h e  Large Scale  Aerodynamics Branch of t he  A m e s  Research 
Center and i n  s e v e r a l  r e s p e c t s  improves on methods i n  previous 
s t u d i e s  a t  Boeing Vertol .  The p r i n c i p a l  d i s t i n g u i s h i n g  f e a t u r e  
of t h i s  methodology i s  t h e  r e l a t i v e  ease  with which t h e  e f f e c t  
of trim blade  d e f l e c t i o n s  may be considered. These in t roduce  
coupling between blade p i t ch / to r s ion  and d e f l e c t i o n  p a r a l l e l  
( lead-lag)  and normal ( f l a p )  t o  t h e  plane of t h e  r o t o r .  
Other important f e a t u r e s  include i n i t i a l  c a l c u l a t i o n  of t r i m  
so  t h a t  r e a l i s t i c  f l i g h t  cond i t ions  a r e  inves t iga ted .  The 
aerodynamic a n a l y s i s  d e a l s  with nonaxial flow (high A q )  and 
pe r iod ic  c o e f f i c i e n t s  may be o p t i o n a l l y  generated and included 
i n  t h e  s o l u t i o n  i f  they a r e  believed t o  a f f e c t  s t a b i l i t y .  
Because of t h e  r e l a t i v e l y  low values  of p encountered i n  tilt 
r o t o r  opera t ion ,  pe r iod ic  c o e f f i c i e n t s  a r e  igr red i n  t h e  
p resen t  s tudy.  
3 .4 .2  Mathematical Model 
The a i r c r a f t  r ep resen ta t ion  inc ludes  t h e  r i g i d  body degrees of 
freedom, four  f l e x i b l e  modes of t h e  s t r u c t u r e ,  and t h e  funda- 
mental f l e x u r e  modes of t h e  blade. Blade t o r s i o n  i s  repre-  
sented by two modes, a r i g i d  blade p i t c h  a g a i n s t  t h e  c o n t r o l  
l inkage s t i f f n e s s  and a  fundamental can t i l eve red  t o r s i o n  mode. 
~ l s o  included i n  t h e  model a r e  t h e  r o t o r  r o t a t i o n a l  degree of 
D210-11360-1 
f reedom,  t r a n s m i s s i o n  dynamics,  a x i a l  i n f l o w  p e r t u r b a t i o n s ,  
and rpm c o u p l i n g  of  t h e  r o t o r  governor .  
Symmetric and an t i - symmet r i c  d e g r e e s  of  freedom are a n a l y z e d  
s e p a r a t e l y .  
3 .4 .3  A i r c r a f t  Data  
Blade s t r u c t u r a l  d e s i g n  d a t a  i s  g i v e n  i n  T a b l e  3 .4 .1 .  T h i s  
i s  a  twin-pin  r e t e n t i o n  b l a d e  d e s i g n a t e d  a s  Design 37. Other  
d a t a  i s  g i v e n  i n  Appendix 11. The b l a d e  r o t a t i n g  n a t u r a l  
f r e q u e n c i e s  a r e  g i v e n  i n  T a b l e  3.4.2 and t h e  c a r p e t  p l o t s  of  
t h e  fundamenta l  f l e x u r a l  f r e q u e n c i e s  a r e  g i v e n  i n  F i g u r e s  
3 .4 .1  and 3 .4 .2 .  
A i r  f rame 
For t h i s  c a l c u l a t i o n ,  i i r f r a m e  f r e q u e n c i e s  were e s t i m a t e d  by 
r a t i o i n g  p u b l i s h e d  B e l l  d a t a  f o r  t h e  XV-15 t o  a c c o u n t  f o r  
changes  i n  t h e  t i p  package mass and e n g i n e  l o c a t i o n .  
(NOTE: Subsequent  NASTRAN v i b r a t i o n  a n a l y s e s  of  t h e  a i r f r a m e  
h a s  i n d i c a t e d  t h a t  a d d i t i o n a l  d e t a i l  d e s i g n  i n  t h e  n a c e l l e  
r e g i o n  w i l l  be n e c e s s a r y  t o  e n s u r e  a c c e p t a b l e  f requency  and 
mode shape  c h a r a c t e r i s t i c s .  See  s t r u c t u r a l  e v a l u a t i o n ,  
S e c t i o n  3 . 5 ) .  Blades-off  n a t u r a l  f r e q u e n c i e s  used i n  the  
s t a b i l i t y  a n a l y s i s  a r e  g i v e n  i n  T a b l e  3 .4 .3 .  
3.4.4 R e s u l t s  
3 .4 .4 .1  High Speed C r u i s e  
A s  shown i n  F i g u r e  3 .4 .3 ,  t h e  sys tem d e v e l o p s  an i n s t a b i l i t y  
a t  360 k n o t s .  There  i s  a  r e d u c t i o n  i n  c r i t i c a l  speed  a s  rpm 




























































































































































































































































































































































































































































































































H T R - X V 1 5  D E S  l GN 37  BLADE: 
NATUkAL F R E Q U E N C  l E S  V f  R P M  AND C O L L E C T  l V E  P I T C H  
ROTOR 
R P M  
- 
1 2 5  
M O D E !  -95' 40' 1 9J 
1 
D 2 1 0 - 1 1 3 6 0 - 1  
HTR XV-15 BLADE DESIGN NO. 37 
F I R S T  FLEXURAL MODE FREQUENCY VARIATION 
WITH COLLECTIVE AND RPM 
FIGURE 3 . 4 . 1 .  PLOT OF F I R S T  FLEXURE FREQUENCY AS FUNCTION 
OF COLLECTIVE AND RPM 
HTR XV-15 BLADE DESIGN NO.  37 
SECOND FLEXURAL MODE FREQUENCY VARIATION 
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10 C 
XV-15 - EFFECT OF RPM VARIATION ON STABILITY 
IN THE - CRUISE MODE 




FIGURE 3 . 4 . 3 .  HIGH SPEED CRUISE STARILITY VARIATION WITH RPM 
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a  margin of  36% on V c  o r  18% on Vd a t  sea l e v e l .  
The boundary shown i n  F igu re  3.4..3 occu r s  i n  t h e  symmetric 
modes, The ant i -symmetr ic  mode s t a b i l i t y  was a l s o  examined 
and remained s t a b l e  t o  h ighe r  speeds .  
F igures  3.4.4 and 3.4.4 a r e  r o o t  l ocus  p l o t s  f o r  symmetric 
and ant i -symmetr ic  c o n d i t i o n s  ve r sus  speed. These show t h a t  
i n  t h e  symmetric c a s e ,  t h e  r o o t  a s s o c i a t e d  wi th  wing chordwise 
bending goes u n s t a b l e  a t  speeds above 360 knots :  i n  t h e  a n t i -  
symmetric c a s e  t h e  r o o t  a s s o c i a t e d  w i t h  wmg v e r t i c a l  bending 
goes uns t ab l e .  
3.4.4.2 E f f e c t  of  A l t r t u d e  
Cru i se  speed i n c r e a s e s  w i t h  a l t i t u d e .  The c r i t i c a l  speed f o r  
f l u t t e r  o n s e t  a l s o  i n c r e a s e s  w i t h  t h e  r e s u l t s  shown i n  F igure  
3.4.6. 
3.4.4.3 Low Speed Cru i se  and T r a n s i t i o n  
The s t a b i l i t y  behavior  a t  0 ,  30, 60 and 90-degrees of tilt i s  
shown i n  F igu re  3 .4 .3  i n  terms of PSH ve r su r  forward speed. 
The minimum f l y i n g  speed i n  t h e  c r u i s e  mode is  around 95-100 
knots .  A t  95 knots  t h e r e  i s  a sma l l  r eg ion  of mechanical  
i n s t a b i l i t y  from 600 RPM t o  630 RPM, i . e . ,  60% above t h e  
o p e r a t i n g  R P M .  A t  100 knots  t h e r e  is no i n s t a b i l i t y  a l though 
low damping e x i s t s  i n  same RPX range  which corresponds t o  t h e  
i n t e r s e c t i o n  of t h e  wing bending. and b lade  r e g r e s s i v e  l a g  
f r equenc ie s  a s  RPM i n c r e a s e s .  A t  30° tilt t h e  system i s  
s t a b l e  a l though a r eg ion  of low damping p e r s i s t s  around 600 
RPN where t h e  f r equenc ie s  of  t h e  r e g r e s s i v e  l a g  mode and, wing 
HTR XV-15 ; HIGH SPEED STABILITY, SYtQIETRIC 
FIGURE 3 0 4 . 4 -  ROOT LOCUS BEHAVIOR OF SYMMETRIC MODES 
196 
. . a 
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HTR XV-15: HIGH SPEED CRUISE STABILITY.ANTISYMMETR1C 
HI MOLLLSS T I  L t l O T O l  I Y - 1 5  (Porlng Vertol  r o t o r )  
m t l s w w t r l c  dvnmlca  I n  e r u i s r  I I I c h t  
) . . . -  = . . . .  - . . . .  - 
160 210 560 b b 0  knots 





bending c o i n c i d e .  
A t  60° tilt t h e r e  i s  no  l o n g e r  any s i g n i f i c a n t  r e d u c t i o n  of 
damping i n  t h i s  r e g i o n ,  b u t  t h e  b l a d e  now c o u p l e s  w i t h  wing 
chord  bending o v e r  a narrow band of RPll s l i g h t l y  i n  e x c e s s  of 
800 RPM. A t  90' tilt t h i s  r e g i o n  i s  s t i l l  p r e s e n t :  
3.4.4.4 Ground Resonance 
I n  t h e  p r e s e n t  s t u d y ,  ground r e s o n a n c e  was n o t  t h e  s u b j e c t  
of d e t a i l e d  i n v e s t i g a t i o n .  Earlier s t u d i e s  o f  a i r c r a f t  of  
s i m i l a r  g r o s s  we igh t  w i t h  a r o t o r  hav ing  t h e  same dynamic 
c h a r a c t e r i s t i c s ,  i n d i c a t e d  t h a t  a i r c r a f t ,  r i g i d  body f r e q u e n c i e s ,  
when s u p p o r t e d  by t h e  l a n d i n g  g e a r ,  we-= s o  low t h a t  no ground 
r e s o n a n c e  e x i s t e d .  I t  i s  e x p e c t e d  t h a t  a  similar s i t u a t i o n  
would be e x p e c t e d  i n  t h e  HTR XV-15. However, t o  conf i rm t h i s ,  
d e t a i l e d  i n f o r m a t i o n  on t h e  XV-15 l a n d i n g  g e a r  would be  r e q u i r e d  
and t h e  a n a l y s i s  o f  ground r e s o n a n c e  s t a b i l i t y  h a s ,  t h e r e f o r e ,  
been d e f e r r e d .  
3 . 4 . 4 . 5  Conc lus ions  Regarding S t a b i l i t y  
T h i s  p r e l i m i n a r y  e v a l u a t i o n  i n d i c a t e d  t h a t  t h e  a e r o e l a s t i c  
and mechan ica l  s t a b i l i t y  f e a t u r e s  of  t h e  HTR XV-15 are 
s a t i s f a c t o r y .  A t  h i g h  s p e e d s  t h e  marg ins  a r e  adequa te  under  
trimmed f l i g h t  c o n d i t i o n s ,  and a more d e t a i l e d  s t u d y  migh t  b e  
n e c e s s a r y  t o  e x p l o r e  a c c e l l e r a t e d  f i i g h t  o r  maneuver c a s e  if 
p l a n s  t o  f l y  t h e  HTR XV-15 become more d e f i n i t e .  I n  t r a n s i t i o n  
and a t  low c r u i s e  s p e e d ,  a d e q u a t e  RPM marg ins  are m a i n t a i n e d  
by s c h e d u l i n g  RPM w i t h  c o l l e c t i v e .  O v e r a l l  t h e  a e r o e l a s t i c  
s t a b i l i t y  s i t u a t i o n  a p p e a r s  t o  be a c c e p t a b l e .  
If the project proceeds to detailed design and fabrication, 
a more thorough investigation will be required. This will be 
needed to update the details of the modified wing tip package, 
particularly the supporting structure of the tilting nacelle. 
3 . 5  STRUCTURAL EVALUATION 
3.5.1  I n t r o d u c t i o n  
The s t r u c t u r a l  arrangement f o r  t h e  i n s t a l l a t i o n  of a  B 0 ~ 1 n g  
V e r t o l  tilt r o t o r  n a c e l l e  on t h e  XV-15 a i r c r a f t  i s  shown i n  
F igu re  3.5.1.  The proposed c o n f i g u r a t i o n  was s e l e c t e d  on 
t h e  b a s i s  of s e v e r a l  t r a d e  s tu6. ies  which examined t h e  merits 
. of f i x e d  v e r s u s  t i l t i n g  engine  i n s t a l l a t i o n s ,  and geome t r i ca l  
l o c a t i o n  of t h e  engine  a s  a f f e c t e d  by t h e  t i l t i n g  n a c e l l e  and 
d r i v e  system requi rements .  A b r i e f  d e s c r i p t i o n  of t h e  
s t r u c t u r e  fo l lows .  
The 'tilt n a c e l l e  s t r u c t u r e  i s  b a s i c a l l y  a  semi-monocoque s h e l l .  
The r o t o r  l oads  a r e  t r a n s m i t t e d  i n t o  t h i s  s h e l l  through the 
main t r ansmis s ion  upper  cover a t tachment  b o l t s .  The tilt 
a c t u ~ t o r  f i t t i n g  i s  a t t a c h e d  d i r e c t l y  t o  t h e  n a c e l l e  s t r u c t u r e .  
The tilt n a c e l l e  i s  t runn ion  mounted between two bea r ing  
s u y p o r t s  which a r e  p a r t  of t h e  f i x e d  a f t  n a c e l l e  s t r u c t u r e  
The a f t  ( f i x e d )  n a c e l l e  s t r u c t u r e  i s  c a n t i l e v e r e d  o f f  t h e  
XV-15 o u t e r  wing by means of a  l a r g e  d iameter  t a p e r e d  s h a f t  
i n s e r t e d  i n t o  t h e  p i l l o w  b locks  a t  t h e  two o u t e r  r i b  l o c a t i o n s .  
R o t a t i o n a l  f i x i t y  i s  provided by r i g i d l y  a t t a c h i n g  an e x t e n s i o n  
from t h e  inboard  t runn ion  suppor t  a r e a  t o  t h e  wina outboard 
r i b .  The powerplant i n s t a l l a t i o n  i s  suppor ted  3 3 t h  ou tboard  
end of t h e  f i x e d  n a c e l l e  s t r u c t u r e .  
The advantages  ob t a ined  by t h i s  arrangement i n  terns of rezuccd 
complexi ty  i n  s t r u c t u r a l  bui ld-up and i n s t a l l a t i o n  of t h e  
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Boeing V e r t o l  r o t o r  sys tem on XV-I5 and t h e  e l i m i n a t i o n  o f  
development r e q u i r e m e n t s  f o r  a  t i l t i n g  e n g i n e  are d i s c u s s e d  
e l sewhere .  From t h e  s t r u c t u r a l  p o i n t  of  v iew,  however, t h e  
c a n t i l e v e r i n g  of t h e  Boeing V e r t o l  r o t o r  and e n g i n e  n a c e l l e s  
o f f  t h e  XV-15 py lon  s u p p o r t  p i l l o w  b l o c k s  imposes a  r e q u i r e -  
ment f o r  t h e  f i x e d  a f t  n a c e l l e  s t r u c t u r e  t o  be  v e r y  s t i f f  i n  
bending and t o r s i o n  w i t h  an a t t e n d a n t  w e i g h t  p e n a l t y .  
A s t r u c t u r a l  e v a l u a t i o n  of t h e  XV-15 w i t h  t h e  Boeing V e r t o l  
h i n g e l e s s  tilt r o t o r  i s  g i v e n  i n  t h e  f o l l o w i n g  s e c t i o n s .  
Ai r f rame  s t r u c t u r a l  i n t e g r i t y  f o r  d e s i g n  f l i g h t  maneuver induced  
l o a d i n g s  i s  i n v e s t i g a t e d  f i r s t ,  f o l l o w e d  by an  e v a l u a t i o n  o f  
t h e  s t r u c t u r a l  dynamic c h a r a c t e r i s t i c s  o f  t h e  i n s t a l l a t i o n .  
3.5.2 S t a t i c  S t r e n g t h  
3 .5 .2 .1  Ai r f rame  S t r u c t u r a l  Desiqn Cri ter ia  
S t r u c t u r a l  components which a r ?  i n v o l v e d  i n  t h e  m o d i f i c a t i o n s  
t o  i n s t a l l  t h e  Boeing V e r t o l  r o t o r  sys tem on t h e  XV-15 w i l l  be 
d e s i g n e d  t o  meet t h e  s t r u c t u r a l  d e s i g n  c r i t e r i a  s p e c i f i e d  f o r  
t h e  XV-15 a i r c r a f t .  These c r i L r i a  a r e  summarized below. 
a)  A i r c r a f t  Weight and C e n t e r  o f  G r a v i t y .  
The a i r c r a f t  d e s i g n  w e i g h t s  and c e n t e r  o f  g r a v i t y  l i m i t s  
are t h e  same a s  f o r  t h e  XV-15. These  are shown i n  F i g u r e  
3 .5 .2 .  
b)  Design Load F a c t o r s  - ( F l i g h t  and Gust C o n d i t i o n s ) .  
V-n d iagrams  f o r  t h e  XV-15, shown i n  F i g u r e  3 .5 .3  are 
a p p l i c a b l e .  
W 
I 
-- GEAR -- 
RETRACTION 
C o n d i t i o n  
Design Gross Weight 
Maximum Gross Weight 
Mininun Flying w e i g h t  
Design Landing Weight  
Design Takc-of f Weight 
i / i  ' I ! i ,HELICOPTER 
1 /GEAR / I 'LIMITS 
I i 8 ~t- WHEELS UP ' 1' 
aooo !/ FWD LIMIT i~ - 7 /  , I 1 '  I 1 
286 288 290 292 294 296 298 33C 302 304 336 
FUSELAGE STATION, in 
Center of gravity limitations. 
HTR XV-15 
Weiqht ( Ib) 
FIGURE 3 .5 .2 .  AIRCRAFT WEIGHT AND CENTER OF GRAVITY 
V-n Diagram, k x j m u m  Cross Weight, 1?000 Pounds 
FIGURE 3.5.3. HTR XV-15 DESIGN FLIGHT LOAD FACTORS 
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c l F l  i gn  t llaneuver Loading Condi t ions  . 
F l i g h t  maneuver load  c o n d i t i o n s  a r e  b a s i c a l l y  t h e  same 
a s  f o r  t h e  XV-15 modif ied t o  r e f l e c t  de s ign  r o t o r  speeds  
f o r  t h e  Boeing V e r t o l  26-foot d iameter  r o t o r .  The des ign  
c o n d i t i o n s  a r e  set  o u t  i n  Table  3.5.1.  Design a i r s p e e d s  
a r e  shown i n  Table  3 .5 .2 .  
dl Ground Loading Condi t ions .  
Landing, ground t a x i  and handl ing  c o n d i t i o n s  f o r  t h e  
XV-15, shown i n  Tables  3.5.3 and 3.5.4 a r e  a p p l i c a b l e .  
el Miscel laneous Loading Condi t ions  and S a f e t y  F a c t o r s .  
Design c r a s h  l oad  f a c t o r s  and s a f e t y  f a c t o r s  s p e c i f i e d  
f o r  t h e  XV-15 a r e  a p p l i c a b l e .  These are summarized i n  
Tables  3.5.5.  
f )  S t r u c t u r a l  Dynamics. 
The f l u t t e r  and divergence  c r i t e r i a  s p e c i f i e d  f o r  t h e  
XV-I5 s h a l l  no t  be compronised by t h e  s t r u c t u r a l  modif i -  
c a t i o n s  involved  i n  Boeing V e r t o l  tilt r o t o r  equipped 
XV-15 a i r c r a f t .  Also ,  t h e s e  m o d i f i c a t i o n s  s h a l l  n o t  r e s u l t  
i n  i nc rea sed  l e v e l s  of v i b r a t i o n  ove r  t h a t  of t h e  c u r r e n t  
XV-15 a i r c r a f t .  
g )  S e r v i c e  L i f e .  
The des ign  s e r v i c e  l i f e  f o r  new a i r f r a m e  s t r u c t u r a l  
components s h a l l  n o t  be less than  5,COO hours .  Fa t igue  
l i f e  e v a l u a t i o n  w i l l  be based on t h e  f l i g h t  spectrums 


































































































































































































































































































































































































H e l i c o p t e r  
H e l i c o p t e r  
Convers ion  
A i r p l a n e  
1 
TABLE 3 .5 .2 .  DESIGN AIRSPEEDS 
Uealqn O p e r ~ t i n q  
Doalnn O p c r ~ t i n g  
Dcoion D ~ v e  
D o t i n n  Dxvc 
Dcs iqn  M m c ~ i v c r  
Rearward F l i g h t  
Sidcward F l i q l i t  
Derrqrr L ~ m l t  F l a p s  Dn. 
Hin .  R a t r  of C e a c e n t  
Der iqn  Landing 
Dcnlqn Opera tang  
l ) c r l g ~ r  O p c r n t l n a  "c vc 
D c s l ~ n  DAV*, v ~ 7  
Deniqn Divr " v 
Dc.81qn L i m i t  f l a p s  Dn.40' VI,-L40 
Stall, f l a p s  Dn.40' VSFQO 
Hin .  o p e r a t  j nq ,  F l f ~ p s  Dn.40. VMIN 
Dc81qn L.G. C x t c n d / R e t r a c t  VLS/VLR 
Doslgn l a n d i n g  VL 
t c s l g n  Opcrn txny  VC 
D c l l q n  Dlvc 
"D 
Dcnrqn M t . ? s u ~ f c r l n y  \:A 
D c r i g n  fo; Flox. Gust  v D 
~ l u t t e r - f r o c  Speed v ~ ~ v f p ~ n  
S t a l l ,  r l a p r  U p  \'SPO 
Min. O p c r n t i n g ,  F l a p 6  Up V ~ 3  I N 
95' T l l t  Angle (Up from WL) 
75. T i l t  Angle 
95. T i i t  A w l *  
75- T i l t  Angle 
T r u e  h i r n p e d  
T r u e  A i r r p e d  
75. T i l t  An@, 
0* T i l t  Anqlo 
75' T i l t  Angle 
45' t o  0*  T i l t  Angle 
0' T i l t  Angle,  A l l  C a r e r  
Der ign  O r o r s  W t .  
VMIN ' 1 .2  Vspo D.G.W. 















































































































































































































































































































































































































































































































































































































































































































































































































TABLE 3.5.5.  MISCELLANEOUS LOADING CONDITIONS 
AND SAFETY FACTORS 
Safeky,  L i m i t  to Yield 
S l f e t y ,  L i m i t  t o  Yield (Castings 




Gther Torque (Drive System, Rotor) 
Cras!: Load, Nacclle Items (Ylt irnate)* 
n, (Fomard)  
ny (Sideward! 
nz (Dowmard, Helo b!oc?e) 
n, (Eowiward, Conv. Mode) 
n, (Downward, Airplane Pode) 
nz ( U y a r d )  
Crash Load, Xing - Fus. Attzch.  (Ul t imate)  ** 
(Fo=arc?) 
(Sideward) 
(Downward, Helo. Node) 
(Downward, Conv. bio4e) 
(Downward, Airplenc Xode) 
('Jpward ) 
Value 
Per t a in s  t o  rscel le  support  s t r u c t u r e  a l s o .  
Loa& factors t o  act s e s a r a t e l y  a t  nacelle c . g .  
Acting s e p a r a t e l y  
3 . 5 . 2 . 2  Design Loads 
A pre l iminary  review of t h e  f l i g h t  des ign  cond i t ions  shown i n  
. . 
Table 3.5.1 i n d i c a t e d  t h a t  c r i t i c a l  s t r u c t u r a l  design loadings 
w i l l  be provided by t h e  fol lowing cond i t ions .  
Design Condit ions 
Hel icopter  11, 111, V ,  V I  and V I I  
Conver s ion X and X I 1  
Airplane ~ ~ 1 1 1  ( a )  and (b )  
Design loads  f o r  t h e  l i s t e d  f l i g h t  cond i t ions  were obtained 
by s imula t ing  t h e  appropr ia te  f l i g h t  condi t ion  on t h e  mathe- 
ma t i ca l  model f o r  t h e  Boeing Ver to l  HTR XV-15 a i r c r a f t  
developed under a  s e p a r a t e  NASA c o n t r a c t  and descr ibed i n  
Reference 1. 
In  a d d i t i o n ,  based upon a v a i l a b l e  s t r u c t u r a l  a n a l y s i s  d a t a  
f o r  Boeing Model 222- a i r c r a f t ,  Reference 5 and ~ e l i  Plodel 301  
(XV-15) Reference 4 ,  an a d d i t i o n a l  cond i t ion  r e p r e s e n t a t i n g  
maximum c y c l i c  p i t c h  a p p l i c a t i o n  t o  t h e  r o t o r  b lades  was in -  
cluded. 
The r e s u l t s  showed t h a t  exce?t during g u s t  cond i t ions  where 
t h e  hub moments f o r  t h e  HTR XV-15 a i r c r a f t  a r e  h igher  than 
those  used i n  t h e  B e l l  des ign ,  t h e  modif ica t ions  need be 
c r i t i c a l l y  evaluated  f o r  t h e  h e l i c o p t e r  mode des ign  condi t ions  
l i s t e d  below. Also, t h e  hub moments f o r  t h e  g u s t  cases  only 
a r f e c t e d  t h e  design of l o c a l  attachment s t r u c t u r e  i n  t h e  r o t d r  
n a c e l l e  a rea  and d id  not  compromise t h e  o v e r a l l  s t r u c t u r a l  
i n t e g r i t y  of t h e  XV-15 wing. 
D210-11360-1 
a) VTO 
C )  Yawing 
Design r o t o r  l o a d s  f o r  t h e  above c a s e s  a r e  shown i n  Table  
3.5.6. 
3.5.2.3 S t r u c t u r a l  Ana lys i s  
A f i n i t e  element  model o f  t h e  Boeing V e r t o l  HTR XV-15 wing 
was developed f o r  NASTRAN a n a l y s i s .  A s  d e t a i l  drawings f o r  
t h e  XV-15 wing were n o t  a v a i l a b l e  t h e  b a s i c  d a t a  e . g . ,  geometry, 
s e c t i o n  p r o p e r t i e s ,  wing/fuselage a t tachment  j o i n t s  and d e s i g n  
r e a c t i o n  system were e s t i m a t e d  from d a t a  con ta ined  i n  
Reference 4 .  The r o t o r  n a c e l l e ,  a f t  s u p p o r t  s t r u c t u r e  and 
n a c e l l e  a c t u a t o r  system were d e f i n e d  on t h e  b a s i s  of prel im- 
i n a r y  d e s i g n  d a t a .  The model was c o n s t r u c t e d  such t h a t  t h e  
r o t o r  n a c e l l e  a t t i t u d e  can be v a r i e d  from hover through con- 
v e r s i o n  t o  c r u i s e .  Figures 3.5.4 and 3.5.5 show t h e  MASTRAN 
model i n  hover and c r u j s e  a t t i t u d e s  r e s p e c t i v e l y .  
I n t e r n a l  l o a d  d i s t r i b u t i o n  f o r  t h e  c r i t i c a l  h e l i c o p t e r  d e s i g n  
c o n d i t i o n s  were ob ta ined  from NASTRAN a n a l y s i s .  F igures  3.5.6 
and 3 . 5 . 7  show t h e  d e f l e c t e d  shapes  of  t h e  HT3 XV-15 wing 
ob ta ined  from NASTRAN a n a l y s i s  f o r  two des ign  u l t i m a t e  l o a d i n g  
c o n d i t i o n s .  The r e s u l t s  of t h i s  a n a l y s i s  w i l l  be used f o r  t h e  
d e t a i l  d e s i g n  of t h e  n a c e l l e  and a f t  suppor t  s t r u c t u r e .  The 
a n a l y t i c a l  r e s u l t s  shown t h a t  t h e  wing r o o t  a t tachment  l o a d s  
a r e  w i t h i n  t h e  s t r u c t u r a l  c a p a b i l i t y  of t h e  XV-15 wing a s  







0 Wing/Fuselage I n t e r f a c e  
1) Spanwise  Bending  Moment 
HTR XV-15 u l t i m a t e  b e n d i n g  moment ( 2 g  jump t a k e o f f )  
6 
= 2.39 x 1 0  I n .  Lb. 
Dynamic a m p l i f i c a t i o n  f a c t o r  = 1 .13  ( R e f e r e n c e  4 )  
: *  Des ign  u l t i m a t e  b e n d i n g  moment 
6  
= 2.39 x 10  x 1 . 1 3  
6 
= 2.70 x 10 I n .  Lb. 
A l l o w a b l e  moment a t  wing r o o t  ( f r o m  R e f e r e n c e  4 )  
L i m i t  b e n d i n g  moment = 1.49  x l o 6  I n .  Lb. 
U l t i m a t e  f a c t o r  = 1 . 5  
Dynamic a m p l i f i c a t i o n  f a c t o r  = 1 . 1 3  
6  
:- B.11. = 1.49 x 1 0  x 1 . 5  x 1 . 1 3  x 1.20  
= 3.031 x l o 6  
2 )  A t t achmen t  - Loads 
C r i t i c a l  c o n d i t i o n  = 2g WO 
I N  NASTRAN ' MODEL 
PF, PR, X X  ARE LOADS 
APPLIED TO FUSELAGE 
AT ATTACHMENT P O I N T S  
FROM NASTRAN RESULTS 
THE ULTIMATE LOADS 
PF 3 9 , 8 4 3  Lbs 
PR 5 ,470  LBS 
XR = 635 LBS 
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These l o a d s  a r e  w i t h i n  5% of t h e  a t tachment  l oads  f o r  co r r e -  
sponding c a s e s  i n  Reference 4, Table 6-3. 
3 )  Inboard Wing Pane l  
Max shea r  f low occu r s  i n  t h e  forward upper pane l  
f o r  t h e  29 VTO cond i t i on  
qmax = 727 Lb/In. 
s n  
=-- 727 - 4,544 p s i  
0.160 
Fsn = 42,000 p s i  (Reference 4) 
Panel compression: 
Combine loads  from elements  136 and 142 through 
145 
P = - [ (0.5 x 28928) + 30674 + 43358 
+ 40104 + (0.5 x 59832) 
= - 158,516 Lbs 
Panel  Width = 28 Inches  
Pc/ in  = 5,661 Lbs 
- 5661 = 35,380 p s i  
fc 2 x .080 
F, = 66,400 p s i  (Reference 4) 
Rc = .586 
Dynamic m p l i f i c a t i o n  f a c t o r  = 1.13 
M.S. 1 -1 = 0.485 
Nacel le  T i l t  Actua tor  
NASTRAN element 304 
Maximum compression load = 28,886 Lb.  
By Reference 4 ,  , Sec t ion  6.3.6.2 
Allowable l oad  = 21,059 Lb. 
Hence a c t u a t o r  r e q u i r e s  beef-up 
Assuming same p r o p o r t i o n s ,  t h e  r e q u i r e d  e f f e c t i v e  
d iameters  of  t h e  rod a r e  c a l c u l a t e d  below. 
28886 Load Ra t io  R = 21659 = 1.372 
For Ii 
I . D .  = 1.030 I n .  
4 1 / 4  O.D.  = 64  x 1; + 1.03 ) (3T 
= 1.3765 I:,. 
For I; I . D .  = 1.719 I n .  
= 2.051 I n .  
Comparing t h e s e  w i th  t h e  dimensions shown i n  t h e  
r e f e r e n c e ,  it is seen t h a t  they  r e p r e s e n t  a  6 %  i n c r e a s e  
i n  t h e  maximum diameter  of t h e  s c t u a t o r  screw rod. 
3 .5 .3  V ib ra t ion  C h a r a c t e r i s t i c s  , 
3.5.3.1 Normal Modes 
D210-11360-1 
I n  x d e r  t o  determine a n a l y t i c a l l y  t h e  v i b r a t i o n  c h a r a c t e r i s -  
t i c s  of  t h e  HTR XV-15 a i r c r a f t ,  t h e  NASTRATS model developed 
f o r  t h e  s t a t i c  s t r e n g t h  a n a l y s i s  of t h e  wing was modif ied t o  
i n c l u d e  a s t i c k  r e p r e s e n t a t i o n  of t h e  f u s e l a g e  and empanage .  
The i n i t i a l  model mass d i s t r i b u t i o n  corresponded t o  t h e  HT4 
XV-15 AMP weight  s t a t emen t .  The f r e e - i r e e  n o r n a l  modes of 
v i b r a t i o n  of t h e  model ob t a ined  du r ing  p re l imina ry  a n a l y s i s  
i n d i c a t e d  presence  of u n d e s i r a b l e  l o c a l  eng ine  and n a c e l l e  
modes. These modes were, t o  a l a r g e  e x t e n t ,  suppressed  by 
r e d e f i n i n g  and s t i f f e n i n g  t h e  f i x e d  a f t  n a c e l l e  suppor t  
s t r u c t u r e ,  beefing-up t h e  r o t o r  n a c e l l e  s t r u c t u r e  bending 
s t i f f n e s s  and the l o c a l  s t i f f n e s s  of t h e  r o t o r  n a c e l l e  
t r unn ion  f i t t i n g s .  The win? symmetric and an t i symmetr ic  mode 
n a t u r a l  f r e q u e n c i e s  f o r  t h e  HTR XV-15 a i r f r a m e  less r o t o r  
b l a d e s ,  ob t a ined  from NASTRAN a n a l y s i s  of t h e  model a r e  shown 
i n  Table  3 .5 .7 .  The t a b l e  a l s o  i n c l u d e s  correspondinq d a t a  
ob t a ined  from Reference 4 ,  F igu re s  5-8 and 5-9 f o r  purposes  
of comparison. The modal d i sp lacements  f o r  each of t h e  v i b r a -  
t o r y  modes a r e  p re sen t ed  i n  F igure  3.5.8.  The i n p u t  d a t a  f o r  
NASTRAN a n a l y s i s  of  one c a s e  i s  inc luded  a s  an example i n  























































































































































































































































































































































































































































































3.5.3.2 Discuss ion  
The d a t a  i n  Table  3 .5  shows t h a t  t h e  Boeing V e r t o l  r o t o r  
system i n s t a l l a t i o n  does  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  b a s i c  
XV-15 wing n a t u r a l  f r equenc i e s .  The approximately  1 0 %  reduc- 
t i o n  i n  wing bending f r e q u e n c i e s  i s  e s s e n t i a l l y  due t o  two 
sou rces .  The e f f e c t i v e  mass of t h e  Boeing Ver to l ,  r o t o r  
system inc lud ing  engines  and suppor t  s t r u c t u r e  i s  about  1 4 %  
heav ie r  t han  t h e  XV-15 pylon mass p e r  Reference 4 ,  Table  5-3. 
Also,  t h e  r o t o r  system mass c e n t e r  of g r a v i t y  i s  l o c a t e d  
f u r t h e r  ou tboard .  The presence  of an u n d e s i r a b l e  pylon 
p i t c h  mode and r e d u c t i o n  i n  t h e  pylon yaw mode n a t u r a l  f r e -  
quenc ies  i n d i c a t e s  p resence  of " s o f t n e s s "  i n  t h e  r o t o r  n a c e l l e  
t r unn ion  and a f t  suppor t  s t r u c t u r e  a r e a s .  A s  p r e v i o u s l y  
s t a t e d ,  t h e s e  a r e a s  have been p r o g r e s s i v e l y  ueefed  up. S e v e r a l  
i t e r a t i o n s  u s ing  s e l e c t i v e  beef-up of ' s o f t  s p o t s '  i n  t h e  l o c a l  
s t r u c t u r e  w i l l  be r e q u i r e d  b e f o r e  t h e  des ign  of t h e  Boeing 
V e r t o l  r o t o r  system s t r u c t u r e  i s  f i n a l i z e d .  
3 .5 .4  Conclusion 
On t h e  b a s i s  of t h e  s t u d i e s  conducted du r ing  t h e  cou r se  of  
t h i s  e f f o r t ,  i t  i s  concluded t h a t  
The s t r u c t u r a l  i n t e g r i t y  o f  t h e  b a s i c  XV-15 
wing i s  n o t  adve r se ly  a f f e c t e d  by t h e  m o d i f i c a t i o n s  
r e q u i r e d  t o  i n s t a l l  t h e  Boeing V e r t o l  r o t o r  system 
on t h e  a i r c r a f t .  
0 A beef-up i s  r e q u i r e d  f o r  t h e  n a c e l l e  tilt 
a c t u a t i o n  system. 
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0 S e l e c t i v e  s t i f f e n i n g  o f  the Boeing Vertol 
rotor  n a c e l l e  and a f t  support structure and a 
modif icat ion t o  the  trunnion support concept 
are required t o  el iminate an undesirable l o c a l  
pylon p i t c h  mode. 
.- . -, 
"F- 
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3.6 FLYING QUALITIES AND FLIGHT BOUNDARIES 
This section presents an assessment of the flight-boundaries 
and flying qualities of the fixed-engine HTR XV-15. In 
Reference 1 the flying qualities of the existing XV-15 with 
its 25-foot gimballed rotors removed and replaced by Boeing 
hingeless 26-foot diameter rotors were examined in detail using 
a plloted simulation math modei. The fixed-engine, hingeless 
rotor design for the XV-15 presented in this report differs 
from that evaluated in Reference 1 mainly (from a flying 
qualities standpoint) in that the weight and inertias are 
increased. 
3.6.1 Control Positions and Aircraft Attitudes in Transition 
The aircraft trimmed attitudes and control positions required 
in transition were computed at the design gross weight of 
6154 kg (13,568 lb) at the aft c.g. position in hover - 
Station Line 7.65 m (301.2 inches). The results were obtained 
with the cyclic-on-the-stick blade load minimization system 
present. This system, developed as part of the work reported 
in Reference 1, applies cyclic control to the rotors as a 
function of longitudinal stick position and nacelle angle. 
These cyclic inputs are in addition to the nc pilot control 
inputs. The load minimization cyclic schedules are presented 
in Figures 3.6.1 and 3.6.2. (The cyclic inputs from longitudinal 
stick continue in cruise). 
HTR XV- 15 
CONTROL A X I S  CYCLIC PITCH INPUT AS A FUNCTION OF 
LONGITUDINAL STICK AT iN a 00 
+ . 4  o I .  - . 4  0 . 8  -1 .2  
+1 0 -'1 -2 -3  
AFT STICK P O S I T I O N  FWD 




+1 0 Cm -1 - 2 -3 
AFT STICK POSITION FWD 
FIGU?J 3 . 6 . 1 . C Y C L I C  PITCH CONTROL ON THE STICK AT iy = O0 
HTR XV-15 - LONGITUDINAL STICK BIAS 
-1 IN. -2  
LONGITUDINAL STICK BIAS FOR 
CYCLIC CONTROL 
FIGURE 3.6.2.CONTROL SYSTEM LONGITUDINAL STICK BIAS 
D210-11360-1 3.6.1.1 Steady Level Trans i t ion  
The trimmed a i r c r a f t  fuse lage  a t t i t u d e s  a r e  presented i n  
Figure 3.6.3 a s  a  funct ion  of a i r speed  a t  d i f f e r e n t  n a c e l l e  
angles.  The d a t a  was obtained with t h e  f l a p s  set a t  4 3  
degrees.  The v a r i a t i o n  of fuse lage  angle  is  smooth and 
continuous a t  each n a c e l l e  s e t t i n g .  These p i t c h  a t t i t u d e s  
a l s o  correspond t o  t h e  wing angles  of a t t a c k  f o r  those por t ions  
of t h e  wing not  inf luenced by t h e  r o t o r  s l ips t ream.  The 
wing angles  of a t t a c k  f o r  t h e  slipstream-immersed p o r t i o n s ,  a s  
computed by momentum theory ,  a r e  shown i n  Figure 3.6.4. 
Figure 3.6.5 p resen t s  t h e  v a r i a t i o n  of long i tud ina l  s t i c k  
p o s i t i o n  with speed i n  t r a n s i t i o n  f o r  d i f f e r e n t  n a c e l l e  
s e t t i n g s .  The g r a d i e n t s  with a i rspeed a r e  s t a b l e  (forward 
s t i c k  with inc reas ing  a i r speed)  a t  a l l  n a c e l l e  s e t t i n g s .  
Below 1 2 0  knots ,  f o r  n a c e l l e  angles less than 60°, a  s teepening 
of t h e  s t i c k  g rad ien t  t akes  p lace  a s  s t a l l  i s  approached. 
F u l l  s t i c k  t r a v e l  is + - 4.8 inches.  A t  high n a c e l l e  angles 
( ? s o  to 90°) and high a i rspeed (120 knots)  t h e  ful l -forward 
s t i c k  t r a v e l  i s  approached. However, these  condi t ions  r e q u i r e  
very l a r g e  nose-down a t t i t u d e s  (see Figure 3.6.4) and w i l l  not  
be met during normal f l i g h t .  
3.6.1.2 Blade Loads i n  Trans i t ion  
Calculated a l t e r n a t i n g  bending moments a t  12.5% of blade rad ius  
a r e  presented i n  Figure 3.6.6. The bending moments were 
est imated using a 2  empir ica l  blade loads  equat ion (Reference 1 ) l  
t h a t  p r e d i c t s  balde loads t o  wi th in  2 0 %  of these  measured i n  
HTR XV-15 - FUSELAGE PITCH ATTITUDES I N  TRANSITION 
0 40 80 120 160 200 
A 1  RSPEED-KNOTS 
FIGUPS 3 .6 .3 .  FUSELAGE F'ITCH ATTITUDE IS TRANS I T I O N  
AFT CG,  S L  STD,  GW = 6 1 5 4  KG (13,568 LB) 
FLAPS = 40' 
2 4 8  
HTR XV-15 - WING ANGLES OF ATTACK THROUGH TRANSITION 
AIRSPEED-KNOTS 
FIGURE  WING ANGLE OF ATTACK IN SLIPSTREAM 
AFT CG, GW = 6154 KG (13,568 LB) SL STD 
?ITR XV-15 - STICK MIGRATIm WITH NAIIEILE TILT AND SPEED 
4 
3 







- 2  
- 3  
3 40 80 1 2 0  1 6 0  200 
AIRSPEED-KNOTS 
HTR XV-15 - BLADE LOADS IN TRANSITION 
\ I I 
CYCLE LOA.) 4 
15' 
8 0 120 
AIRSPEED-KNOTS 
FIGURE 3*6*6- ESTIMATED BLADE BENDING LOADS IN TRANSITION 
AFT CG SL STD, G?Q = 6154 KG (13,568 LB) 
FLAPS = 40a 
251 
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tests of t h e  f u l i - s c a l e  r o t o r  i n  t h e  Arnes 40-foot by 90-foot 
t u n n e l .  With t h e  p r e s e n t  b l ade  d e s i g n ,  a b l ade  load l e v e l  
cf 4888 NM (43,300 i n . - l b s )  cor responds  t o  t h e  c a l c u l a t e d  
i n f i n i t e  f a t i g u e  l i f e  a l lowable .  Th i s  l e v e l  is i n d i c a t e d  
i n  F igu re  3.6.6.  The b l ade  l o a d s  are s u f f i c i e n t l y  l o w  
throughout  t r a n s i t i o n  t h a t  an a c c e p t a b l e  f l i g h t  c o r r i d o r  
e x i s t s  which i s  f r e e  of  b l ade  f a t i g u e  l i m i t a t i o n s .  
3 .6 .1 .3  T r a n s i t i o n  Cor r ido r  
The e s t ima ted  t r a n s i t i o n  c o r r i d o r  f o r  t h e  HTR XV-15 a t  de s ign  
g r o s s  weight  i s  p re sen t ed  i n  F igu re  3.6.7. The c o r r i d o r  is 
bounded by wing s t a l l  a t  low a i r s p e e d s .  The s t a l l  boundary 
shown was ob t a ined  from F igu re  3 .6 .4 ,  and assumes that t h e  
s l i p s t r e a m  does  n o t  de l ay  t h e  occur rence  of wing s t a l l  a s  
would be i n d i c a t e d  from monentum c a l c u l a t i o n s .  Tests have 
s own t h a t  a t  h igh  n a c e l l e  a n g l e s  above 40 k n o t s ,  t h e  r o t o r  
s l i p s t r e a m  l e a v e s  t h e  wing and blows back along t h e  f r e e  
s t ream.  Thus, above 40 kno t s  t h e  wing ang le  of a t t a c k  i s  
more r e l i a b l y  ob t a ined  from t h e  f u s e l a g e  a t t i t u d e .  
A t  t h e  h igh  speed end of t h e  t r a n s i t i o n  c o r r i d o r ,  t h e  a l l owab le  
t r ansmis s ion  t o rque  l i m i t s  f l i g h t  above 60 deg rees  n a c e l l e  
ang le .  This  boundary a l s o  c o i n c i d e s  w i th  maximum a v a i l a b l e  
down-elevator d e f l e c t i o n .  Between 20 and 60 deg rees  n a c e l l e  
s e t t i n g  t h e  b l a d e  l oads  boun'ary i s  encountered b e f o r e  t h e  
t o rque  l i m i t  i s  reached.  Below 20' t h e  f l a p  dynamic p r e s s u r e  
l i m i t s  f l i g h t  t o  170 knots .  I n  h e l i c o p t e r  
b w d  of some 130 kno t s  i s  u s a b l e ,  wh i l e  i n  
f l i g h t  an a i r s p e e d  
t h e  ae ixp l  ane 
HTR XV-15 - LIMITS ON TRANSITION CORRIDOR 
GW = 6154 kg (13568 lb) 
S.L. STD DAY 
0 40 80 120 160 2 0 0 
AIRSPEED-KNOTS 
FIGURE 3 . 6 . 7 .  TRWSITION CORRIDOR - AFT CG 
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c o n v e r s i o n  mode (iN < 7S0:  a  7 0  k n o t  r a n g e  i s  a v a i l a b l e .  
3 . 6 . 1 . 4  Coord ina ted  Turns  i n  T r a n s i t i o n  
The c o n t r o l  p o s i t i o n r ,  b l a d e  l o a d s  and power r e q u i r e d  t o  main- 
t a i n  c o o r d i n a t e d  t u r n s  are p r e s e n t e d  i n  F i g u r e s  3 .6 .8  
t h r o u g h  3 .6 .13 f o r  two p o i n t s  i n  t h e  t r a n s i t i o n  c o r r i d o r  
c o r r e s p o n d i n g  t o  l e v e l  f u s e l a g e  a t t i t u d e  a t  z e r o  bank 
a n g l e  . 
A t  80  k n o t s  and 75 d e g r e e s  n a c e l l e  a n g l e ,  t h e  t u r n  performance 
(6 = 65O) i s  l i m i t e d  o n l y  by t h e  allowable t r a n s m i s s i o n  t o r q u e  
(1490 SHP a t  551 RPM) . A t  120 k n o t s  w i t h  t h e  n a c e l l e s  p l a c e d  
a t  45" ,  a bank a n g l e  of 7 0 °  i s  a t t a i n t b l e  b e f o r e  e n c o u n t e r i n g  
t h e  t o r q u e  l i m i t  and t h e  b l a o s  f a t i g u e  l i ~ f  t. Thus ,  a t u r n  
capabi:..ty i n  e x c e s s  o f  29 i s  a v e i l a b l e  f o r  t h e  HTR XV-15 
d u r i n g  t r a n s i t i o n .  
3.6.2 Ilaneuver Performance i n  C r u i s e  F l i g h t  
The mantBuver performance i n  c r u i s e  f l i g h t  w i t t '  f l a p s  u p  i s  
p r e s e n t e d  i n  F i g u r e  3.6.14 a t t h e  d e s i g n  g r o s s  we igh t  5154 kg 
(13,558 l b )  a t  sea l e v e l .  The maneuver enve lope  i s  l i m i t e d  by 
wing s tal l  and t r a n s m i s s i o n  t o r q u e .  A t  185 k n ~ t s  t h e  b l a d e  
f a t i g u e  load  boundary t o u c h e s  t h e  s t a l l  and t o r q u e  b o u n d i x i e s .  
ELsewhel-e b l a d e  l o a d s  do  n o t  s e t  a  l i m i t  t o  t u r n  performance.  
Maximum t u r n  performance o c c u r s  a t  186 k n o t s  where 2 . 5  g ' s  can 
be ach ieved .  
3 .6 .3  c o n t x o i  rower 
The c o n t r o l  power of t h e  HTR XV-15 was e v a i u a t e d  o v e r  t h e  
a i r s p e e d  r a n g e  from hover  th rough  c r u i s e .  The c o n t r o l  powers 
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FIGURE 3.6.14.SUSTAINED-TURN PERFORMANCE IN CRUISE 
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were c a l c u l a t e d  f o r  t h e  a i r c r a f t  a t  t h e  des ign  g r o s s  weight 
w i th  t h e  s t a b i l i t y  and c o n t r o l  system i n o p e r a t i v e .  P i t c h ,  
r o l l  and yaw c o n t r o l  powers a r e  p re sen ted  i n  F igu res  3 .6 .15,  
3.6.16 and 3.6.17. 
I n  hover ,  t h e  c o n t r o l  powers about  a l l  t h r e e  axes  a r e  h igh  and 
w e l l  above t h e  Lnimums s p e c i f i e d  by MIL-F-93300. P i t c h  
c o n t r o l  power i s  i n  excess  of t h e  Level 1 requirement  a t  a l l  
n a c e l l e  ang le s  throughout  co r~ve r s ion  and i n t o  c r u i s e .  Ro l l  
c o n t r o l  power i n  t r ~ n s i t i o n  exceeds t h e  requirement  f o r  
Level 1 u n t i l  a n a c e l l e  ang le  of about 45 deg rees  i s  reached.  
T h e r e a f t e r ,  f o r  t h e  u s a b l e  t r a n s i t i o n  c o r r i d o r ,  Level  2 
minimums a r e  met. Yaw c o n t r o l  power i s  about  t h e  Level 2 
minima except  at 60 degrees  n a c e l l e  angle  and 100 knots .  
However, both t h e s e  p o i n t s  a r e  c l o s e  t o  t h e  s t a l l  boundary f o r  
t h e  a i r c r a f t  . 
SYMBOL iNO 6~ O 
' .- 
' I '  ' " " I"  q r ' m ' / / / / m  I 
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FIGURE3.6.15. PITCH CONTROL POWER - AFT CG 
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HTR XV-15  - ROLL CONTROL P W E R  
SYMBOL iNO 5F0 
AIRSPEED (KTS) 
FIGURE 3 6.16. ROLL CONTROL POWZR - AFT CG 
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4 ,  Q CONCLUSIONS 
The d e s i g n  and e v a l u a t i o n  s t u d i e s  r e p o r t e d  i n  s e c t i o n s  2 . 0  and 
- - -  -- 
3.0 of t h i s  volume a l low t h e  fo l lowing  g e n e r a l  c o n c l u s i o n s  t o  
be drawn. 
1. The d e s i g n  of  a  new n a c e l l e  and r o t o r  system t o  f l y  a  
h i n g e l e s s  so f t  i n  p l ane  r?"- and f l y  by wire c o n t r o l s  
on t h e  :ST-15 a i r c r a f t  is f e a s i b l e  and a  p r e l i m i n a r y  
d e s i g n  d e f i n i t i o n  h a s  been provided .  
2 .  The a i r c r a f t  weight  w i l l  i n c r e a s e  by approximate ly  
568 l b s .  Nost of t h i s  i n c r e a s e  i s  a t t r i b u t a b l e  t o  t h e  
l a r g e r  r o t o r ,  h ighe r  c a p a c i t y  t r a n s m i s s i o n  and t h e  
s t r u c t a r e  neces sa ry  t o  adap t  a f i x e d  engine  c o n f i g u r a t i o n  
t o  a wing des igned  f o r  a t i l t i n g  eng ine  c o n f i g u r a t i o n .  
. 3 .  The f l y  by wire c o n t r o l  system can  be des igned  f o r  t h i s  
a p p l i c a t i o n  and w i l l  p rov ide  a much g r e a t e r  deg ree  of 
f l e x i b i l i t y ,  h igher  r e l i a b i l i t y  and a h ighe r  o r d e r  of 
redundancy and s a f e t y  t han  t h e  a e c h a n i c a l  s y s t e r  fcr 
about  the same weight .  S e v e r a l  a d d i t i o n a l  ? rob lens  a r e  
so lved  by t h e  i n s t a l l a t i o a ;  f o r  e x m r '  ..s p o t e n t i a l  
mechanical  i n t e r f a r e n c e  of wing . ? e f l e ~  : < r  52 -,'ye c o n t r o l  
runs  is not a  prablem w i t h  f l y  by w i r e .  
4 ,  The e x i s t r n g  :<TT-i5 t i l t  a c t a a t o r  :an 3e x .  -. ?.  t i t h e r  
same n o d i f i c a t i o n  o r  a l i m i t  on t h e  airerar: contr~l sower .  
5 .  The a i r c r a f t  r e s u l t i n g  from t h i s  m o d i f i c a t i o n  w i l l  have 
higher  c r t r i s e  s?eeds,  n o r e  ho-rer L i l t  ca?acic:r 3r.5 be:=er 
r a t e s  of c l imb than  t h e  e x i s t i n g  :r.'-15. 
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6 .  T h a  modified a k c r a t t  i. f r ee  from neroelastic  r e s t r i c -  
t ions  on its nolinal f l i g h t  emrelope and has an e s s e n t i a l l y  
i n f i n i t e  fatigue l i f e  rotor sys' *m, 
7 .  The cofitrol system i s  e a s i l y  adapted for the addition of 
gust a l l ev ia t ion  systems and other adaptive systems for  
future research. 
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APPENDIX I - TRADE STUDY DATX 
A I - 1  - CONFIGURATION STUDIES 
Pre l iminary  des ign  s t u d i e s  were made of t h e  c o n f i g u r a t i o n  
a l t e r n a t i v e s .  The problem was t o  determine t h e  b e s t  a r range-  
ment of a new XV-15 wing-t ip  n a c e l l e  a p p r o p r i a t e  f o r  u se  w i t h  
a  Boeins V e r t o l  h i n g e l e s s  r o t o r  and fly-by-wire c o n t r o l s .  
I n i t i a i T r a d e o f f s  
A  rev;,^ was made of t h e  wing-t ip  n a c e l l e  d e s i g n s  of  t h e  
c u r r e n t  XV-15 a i r c r a f t  and of t h e  Boeing Ver to l  222 
compet i to r  a i r c r c 2 t .  The s e l e c t i o n  of  d r i v e  t r a i n  a r range-  
ment so s t r o n g l y  in f luenced  t h e  o v e r a l l  n a c e l l e  des ign  t h a t  
d r i v e  c o n f i g u r a t i o n  had t o  be determined f i r s t .  Two b a s i c  
c o n s i d e r a t i o n s  were whether t h e  engine  would s t a y  f i x e d  o r  
tilt, and whether a  s i n g l e  o r  two s e p a r a t e  i n p u t s  (from engine  
and from wing c r o s s  s h a f t i n g )  t o  t h e  r o t o r  t r a n s m i s s i o n  
should be used. Four o p t i o n s ,  A t h r u  D, were roughly d e f i n e d  
a s  summarized i n  Table  A1.-1 and por t rayed  i n  F igu res  A l . l  
through Ai.7. 
A f i x e d  ( n o n - t i l t i n g )  engine  was s e l e c t e d  over  a  t i l t i n g  
ar-ingement f o r  t h e  fo l lowing  reasons  : 
a Technica l  o r  Opera t iona l  
- I n  g e n e r a l ,  t h e r e  is  no need f o r  engine  des ign /  
q u a l i f i c a t i o n  f o r  v e r t i c a l  o p e r a t i o n  (though T53 
model f o r  XV-15 i s  so q u a l i f i e d ) .  
AI- 1 
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- Engine exhaus t  i s  n o t  d i r e c t e d  a t  t h e  ground 
t h u s  minimizing p o s s i b i l i t i e s  o f  s u r f a c e  f i r e ,  
d e t e r i o r a t i o n ,  personna l  haza rd ,  o r  exhaus t  
r e i n g e s t i o n .  
- N o  swive l  j o i n t s  a r e  r e q u i r e d  i n  t h e  n a c e l l e  f o r  
eng ine  s e r v i c e s .  
- More n a c e l l e  ground c l e a r a n c e  f o r  a g iven  a i r -  
c r a f t  r o l l  a n g l e .  
Options (C) and (Dl of Table  fJ.1 were, t h e r e f o r e ,  r e j e c t e d ,  
and t h e  q u e s t i o n  of number of s h a f t  i n p u t s  t o  t h e  main t r a n s -  
miss ion  *(Option ( A )  o r  ( B )  cons idered .  The two-shaf t  i n p u t  
system ( B )  was proposed f o r  t h e  Model 2 2 2 ,  a s  i n d i c a t e d  i n  
Table  A l . 1 ,  where s e p a r a t i o n  of normal enqine  d r i v e  and c r o s s -  
s h a f t  systems p r e c l u d e s ,  t o  t h e  maximum p o s s i b l e  e x t e n t ,  one 
sys t em ' s  f a i l u r e  a f f e c t i n g  t h e  o t h e r .  I t  i s  a l s o  h e a v i e r  and 
more ~ o m p l e x  than  Option ( A ) .  A s  t o  r e l a t i v e  s a f e t y ,  t h e  
concept  of Option ( A )  has  been c o n s i s t e n t l y  cons idered  s a f e  
enough f o r  a p p l i c a t i o n  t o  tandem r o t o r  h e l i c o p t e r s .  Option 
A was t h u s  s e l e c t e d .  
Various  r e l a t i o n s h i p s  of wing t i p  and major n a c e l l e  e lements  - 
t i l t i n g  r o t o r  n a c e l l e ,  f i x e d  t a i l - f a i r i n g ,  and f i x e d  engine  
n a c e l l e  - were cons idered  a s  shown i n  F igu re  A1.8. Config- 
u r a t i o n  (1) w i t h  engine  outboard and a f t  of t h e  r o t o r  n a c e l l e  
was s e l e c t e d  a s  t h e  on ly  c a s e  p rov id ing  f e a s i b l e  component 
mounting and d r i v e  p o s s i b i l i t i e s .  
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The n a c e l l e  d r i v e  system of t h e  s e l e c t e d  arrangement r e q u i r e s  
t h r e e  gearboxes - an engine  t r ansmis s ion  g e a r i n g  engine  power 
t o  t h e  XV-15 c r o s s - s h a f t ,  an i n t e r m e d i a t e  t r ansmis s ion  g e a r i n g  
t h e  r o t o r  t o  t h e  c r o s s - s h a f t ,  and a  main ( r o t o r )  t r ansmis s ion  
a s  a  speed reducer  t o  r o t o r  rpm. The f i r s t  two t r ansmis s ions  
a r e  c l e a r l y  beve l  gearboxes wi th  t h e  main t r ansmis s ion  inc lud-  
i ng  a  s i n g l e  s t a g e  p l a n e t a r y  system w i t h  t h e  main t r ansmis s ion  
inc lud ing  a s i n g l e  s t a g e  p l a n e t a r y  system t o  handle  t h e  r o t o r  
t o rque  i n c r e a s e  w i t h  symmetrical  g e a r  l oad ing .  The XV-15 
c r o s s - s h a f t  speed a t  hover i s  6,392 rpm and it was f e l t  t h i s  
should be he ld  f o r  conserva t i sm and minimum XV-15 m o d i f i c a t i o n ,  
a l though a  h igher  speed is  d e s i r e d  from t h e  engine  gearbox 
viewpoint.  The e c ~ i n e  t r ansmis s ion  gea r  r a t i o  i s  t h u s  3.11:l  
us ing  t h e  T53 d i r e c t  d r i v e  engine hover i n p u t  rpm of 19,846. 
The Boeing Ver to l  26-foot d i ame te r  r o t o r  hover speed i s  he ld  
t o  t h e  Model 222 a i r c r a f t  va lue  of 551 rpm making t h e  c ros s -  
s h a f t - t o - r o t o r  r educ t ion  r a t i o  requirement  about  1 1 . 6 : l .  I t  
was f e l t  i n i t i a l l y  t h a t  t o  keep to rque  (and t h u s  weight )  low 
r i g h t  up t o  t h e  r o t o r ,  j u s t  about  a l l  t h e  r educ t ion  should be 
taken  i n  a  main t r ansmis s ion  having a  s p u r  mesh and then  a  
s i n g l e  p l a n e t a r y  s t a g e  whi le  holding t h e  i n t e r m e d i a t e  beve l  
box nea r  1: 1 r a t i o .  Table  A1.2 summarizes t h r e e  o p t i o n s  
u s ing  t h i s  approach - ( A )  1, ( A )  , and E .  The schematics  and 
s k e t c h  l a y o u t s  o f  t h e s e  a r e  shown i n  F igu res  A1.9 through 
b1.17.  The primary v a r i a b l e  i s  t h e  c o n f i g u r a t i o n  of t h e  main 
t r ansmis s ion  i n p u t  spu r  g e a r  s e t .  The f i r s t  o p t i o n  had t h e  
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i n p u t  s h a f t  and p in ion  o f f s e t  v e r t i c a l l y  (wi th  n a c e l l e  
h o r i z o n t a l ) ,  t h u s  d i s p l a c i n g  t h e  r o t o r  t h r u s t  o f f  a l ignment  
w i t h  t h e  tilt a x i s  by an amount equa l  t o  t h e  g e a r  mesh c a n t e r  
d i s t a n c e ,  t he reby  i n c r e a s i n g  t h e  l oad  on t h e  XV-15 tilt 
a c t u a t o r s .  S ince  t h i s  i s  u n d e s i r a b l e ,  t h e  o p t i o n  was dropped. 
The second o p t i o n  was t o  p l a c e  t h e  i n p u t  p i n i o n  i n  a  l a t e r a l l y  
o f f s e t  p o s i t i o n .  Here t h e  i n p u t  s h a f t  p o s i t i o n  was such t h a t  
t h e  i n t e r m e d i a t e  gearbox moved t o o  f a r  l a t e r a l l y  on t h e  
c r o s s - s h a f t  and i n t e r f e r e d  w i th  a  n a c e l l e  mounting t runn ion  
The o p t i o n  was r e j e c t e d .  The t h i r d  Option (El involved an 
a t t emp t  t o  reduce l a t e r a l  o f f s e t ,  and t h u s  t h e  i n t e r f e r e n c e  
no t ed ,  by us ing  an i n t e r n a l  s p u r  g e a r  mesh. I t  appears  
g e n e r a l l y  f e a s i b l e  bu t  t h e  i n t e r n a l  spu r  system i s  n o t  de- 
s i r a b l e .  
I t  +was recognized t h a t  t h e  1 1 . 6 : l  r a t i o  r e q u i r e d  between 
c r o s s - s h a f t  and r o t o r  cou ld  a l s o  be achieved by upping t h e  
i n t e r m e d i a t e  t r ansmis s ion  r e d u c t i o n  r a t i o  and employing on ly  
a s i n g l e  p l a n e t a r y  s t a g e  i n  t h e  main t r a n s m i s s i o n ,  t h u s  l e t t i n g  
t h e  i n p u t  s h a f t  t o  t h e  l a t t e r  come i n  r i g h t  on cen t6  -. This  
arrangement was d e f i n e d  as Optior, (F j  . It has  f o u r  l tss 
g e a r s ,  a h ighe r  e f f i c i e n c y ,  arid probably weighs less than  (El 
even though t h e  main t r ansmis s ion  i n p u t  s h a f t  i s  c a r r y i n g  
h ighe r  t o rque .  A p o t e n t i a l  problem w a s  t h a t  s i n c e  t h e  i n p u t  
s h a f t  was set on c e n t e r ,  a  l o c a t i o n  f o r  r o t o r  i n s t r 3 m e n t a t i o n  
e l e c t r i c a l  t r a n s f e r  s l i p r i n g s  was no t  obvious .  With t h e  
o f f s e t  i n p u t  s h a f t  c o n f i g u r a t i o n  such t r a n s f e r  could be made. 
A r o t o r  d r i v e n  c e n t r a l  s h a f t  was c a r r i e d  r i g h t  back t o  t h e  
a f t  f a c e  of t h e  main t r ansmis s ion  t o  provide  a  b a s i s  f o r  
e l e c t r i c a l  power and s i g n a l  t r a n s f e r  t o  equipment i n  t h e  a i r -  
c r a f t  - t h i s  is n o t  p o s s i b l e  to  Option ( F ) .  The p o s s i b i l i t y  
of t e l e m e t e r i n g  s t r a i n  gage s i g n a l s  from t h e  r o t o r  t o  a  
f i x e d  p o i n t  i n  t h e  a i r c r a f t  was reviewed. This  scheme is 
appa ren t ly  f e a s i b l e  assuming a  t r a n s m i t t e r  can be mounted on 
t h e  hub forward f a c e  and i n p u t  e l e c t r i c  power can be t r a n s -  
fc,:red through t h e  r o t a t i o n a l  b a r r i e r  ( a  t r a n s f e r  r i n g  looks  
p o s s i b l e  w i th in  t h e  upper c o n t r o l s  assembly,  a f t  of  t h e  hub) .  
The Boeing Ver to l  l a b o r a t o r y  has  s u c c e s s f u l l y  used t e l e -  
meter ing  equipment of t h e  t ype  r e q u i r e d .  Based on t h i s  i n f o r -  
mat ion,  Option ( F )  was cons idered  v i a b l e  and s e l e c t e d  a s  
b a s e l i n e  over  ( E ) .  The r educ t ion  r a t i o s  of main and i n t e r -  
mediate  t r ansmis s ions  can be opt imized w i t h i n  t h e  o v e r a l l  
requirement  t o  both minimize p l a n e t a r y  r i n g  g e a r  d iameter  
and t h e  s i z e ,  w i th in  n a c e l l e  t r u n n i o n s ,  of t h e  i n t e r m e d i a t e  
box. For p r e l h i m r y  s i z e  e s t i m a t e s ,  t h e  r a t i o  of t h e  main 
box was assumed a s  5 . 2 : l  (same a s  Y U H - G l A ) ,  r e s u l t i n g  i n  a  































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AI-2 - TILT ACTUATION SYSTEM 
The installation of a Boeing Vertol rotor and nacelle on the 
XV-15 tilt rotor aircraft was to use the current XV-15 conver- 
sion (nacelle tilt) system. The spanwise location of the 
XV-15 tilt actuator for the Boeing Vertol system requires 
definition since our rotor is 26-foot diameter versus 25-foot 
for the XV-15. 
A) XV-15 Conversion System Definition 
The following characteristics are known: 
- Nacelle angular range - 95" 
- Actuator total stroke - 28.5" 
- Time for full stroke - 11-14 seconds 
- Actuators - mechanical ball screw jack 
- Power drive - hydraulic 
- Power control - electric 
- Specification - Bell No. 301-947-011 
- Load, normal (each) 2400 pounds extend; 3700 pounds 
retract 
- Load, maximum operating (each) 3300 pounds extend; 
5000 pounds retract 
Figure A1.13 shows the conversion system schematic. 
Figure A1.19 shows the system related to the aircraft, and 
Figure A1.20 approximates the actuator kinematics. Data 
are taken from References 3 and 4. A ball screw jack used 
for nacelle tilt is trunnion-mounted on each wing tip 
and the screw driving nuts are mechanically interconnected 
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v i a  g e a r i n g  and wing l e a d i n g  edge  c r o s s - s h a f t i n g  s o  a s  
t o  c a t e r  f o r  power o r  c o n t r o l  f a i l u r e s  on one  s i d e .  
H y d r a u l i c a l l y  powered m o t o r s ,  e a c h  i n t e g r a l  w i t h  a n  
a c t u a t o r ,  d r i v e  t h e  n u t s  t h r o u g h  a c l u t c h  and b r a k e ,  
t h e  l a t t e r  h o l d i n g  *:he sys tem w i t h  power o f f  ( s i n c e  t h e  
h i g h - e f f i c i e n c y  b a l l  sc rews  are q u i t e  r e v e r s i b l e ) .  Power 
comes from t h e  s e p a r a t e  f l i g h t  c o n t r o l  h y d r a u l i c  sys tems  
i n  c h e  a a c s l l e s .  P r imary  cont .ro1 of  t h e  m o t o r s  i s  
e lec t r i c  u s i n g  s o l e n o i d  v a l v e s  and n o t o r  c l u t c h e s .  S e p a r a t e  
DC b u s s e s  a r e  used  f o r  e a c h  s i d e .  
A s e p a r a t e  lower r a t e  emergency a c t u a t o r  d r i v e  and c o n t r o l  
s y s t e m ,  c a t e r i n g  t o  n a c e l l e  h y d r a u l i c  o r  e l e c t r i c  
f a i l u r e s ,  i s  p r o v i d e d  by a  t h i r d  h y d r a u l i c  n o t o r  l o c a t e d  
on a i r c r a f t  c e n t e r l i n e  and d r i v i n g  t h e  c r o s s - s h a f t i n g  
t h r o u g h  a c l u t c h  and gea rbox .  C o n t r o l  o f  t h i s  sys tem i s  
e lec t r ic .  
Ar. emergency backup manual mechan ica l  c o n t r o l  ( c o c k p i t  
? -handle)  of n a c e l l e  h y d r a u l i c  motor v a l v e s  c a t e r s  t o  a 
t o t a l  e l e c t r i c a l  f a i l u r e  mode, and can move t h e  v a l v e s  t o  
b r i n g  t h e  n a c e l l e s  t o  t h e  h e l i c o p t e r  p o s i t i o n  c n l y .  
Othe r  sys tem f e a t u r e s  i n c l u d e  n a c e l l e  tilt i n d i c a t o r s  i n  
t h e  c o c k p i t  ( t a k e n  from s e n s o r s  measur ing  mounting 
t r u n n i o n  a n g u l a r  p ~ . ; ~ t i o n s )  and a s s y m e t r i c  tilt a n g l e  
d e t e c t i o n  where h y d r a u l i c  f l o w  i s  s t o p p e d  and n a c e l l e s  
l o c k e d ,  and i n t e r l o c k  s w i t c h e s  on t h e  a i r c r a f t  l a n d i n g  
D210-11360-1 
gea r  t o  prevent  i n a g v e r t e n t  tilt down on t h e  ground. 
An i npu t  is a l s o  provided t o  t h e  f l i g h t  c o n t r o l  system 
v i a  a mix box i n  t h e  wing c e n t e r  s e c t i o n .  
I n  F i g u r e A 1 . 2 0 i t  i s  i n t e r e s t i n g  t o  no te  t h a t ,  s i n c e  
t h e  tilt a c t u a t o r  t r u r q i o n  and t h e  c r o s s - s h a f t  i n t e r -  
connect ion a r e  on d i f f e r e n t  axes ,  t h e r e  is a s l i g h t  
"waggle" t o  t h e  c r o s s - s h a f t  o u t e r  s e c t i o n s  where they  
e n t e r  t h e  a c t u a t o r .  
B) Tradeoff Options f o r  Spanwise Location of Rotor T i l t  
Nace l le  and Conversion Actuator  
TableA1.3 l ists t h r e e  p c s s i b i l i t i e s  f o r  t h e  above l o c a t i c n s ,  
and some of t h e  f a c t o r s  involved i n  a d e c i s i o n .  Option 1 
is  shown i n  F igure  A1.Zlwhere t h e  r o t o r  b u t t  l i n e  and tilt  
a c t u a t o r  r e l a t i v e  l o c a t i o n ,  i n  a proposed Boeing Ver to l  
d e s i g n ,  a r e  l i k e  t h e  XV-15, r e s u l t i n g  i n  a 6-inch r o t o r -  
fu se l age  c l e a r a n c e  and a short -coupled a c t u a t o r  o u t p a t  
d r i v e  t o  t h e  n a c e l l e .  Option 2 is shown i n  F igure  A i . 2 2  
where ( i n  t h i s  sample p i c t u r e )  t h e  r o t o r  i s  moved o u t  
4 inches  t o  g ive  a 10-inch r o t o r - f u s e l a g e  c l e a r a n c e ,  bu t  
t h e  tilt a c t u a t o r  is he ld  i n  t h e  XV-15 l o c a t i o n ,  r e s u l t i n g  
i n  a longer  ou tpu t  d r i v e  a t tachment  t o  t h e  n a c e l l e .  O p t i o t ~  
3 i s  n o t  sketched because it would look l i k e  F igure  A 1 . 2 1 .  
I n  t h i s  c a s e ,  both tilt n a c e l l e  c e n t e r l i n e  and a c t u a t o r  
a r e  moved o u t  t h e  same d i s t a n c e  by b u i l d i n g  o u t  t h e  
wing-t ip  s t r u c t u r e  up t o  6 inches  more ( f o r  12-inch a a x i -  
mum blade-f .selage c l e a r a n c e )  . 
~ a b l e A 1 - 3  i n d i c a t e s  by f a r  t h e  l e a s t  change i n  l oads  and 
, > 
component changes i n  Option 1. It  shows t h a t  Option 2 
involves  changes on t h e  h igh  load o u t p u t  s i d e  of t h e  tilt 
a c t u a t o r ,  b u t  none on t h e  i n p u t  s i d e  and no b i g  w ing t ip  
change. Option 3 means no a c t u a t o r  o u t p u t  s i d e  changes ,  
be iy?  c l o s e  t o  t h e  tilt n a c e l l e ,  b u t  both a c t u a t o r  i n p u t  
and wing t ip  bu i ld -ou t  changes a r e  involved.  
Subsequent examination of t h e  w ing t ip  s t r u c t u r e  caused 
t h e  displacement  of t h e  r o t o r  c e n t e r l i n e  outboard such 
t h a t  t h e  r o t o r  t i p - f u s e l a i e  c l e a r a n c e  became 12 inches .  
This  c o n s i d e r a t i o n  and t h e  d e s i r e  t o  minimize mod i f i ca t i on  
t o  t h e  X V - 1 5  w ing t ip  d r i v e  t h e  s e l e c t i o n  of Option 2 .  
C) S t r a i g h t  Vmrsus Toed-In Engines 
I f  t h e  engines  and engine  n a c e l l e s  a r e  l o c a t e d  on a  b u t t  
l i n e  p a r a l l e l  t o  a i r c r a f t  c e n t e r l i n e  and a t  an 84 .5  degree  
ang le  t o  t h e  swept forward c r o s s  s h a f t i n g ,  t h e  l e f t  and 
r i g h t  eng ine  t r ansmis s ions  a r e ,  handed and r e q u i r e  uncommon 
s p a r e s .  
FigureN.24shows eng ines  t oed  nose- in  5 .5  deg rees  t o  a l low 
r i g h t  ang le  g e a r i n s  jn engine  t r a n s m i s s i o n s ,  t h u s  a l lowing  
t h e  p o s s i b i l i t y  of nany common p a r t s  s l de - to - s ide  and r e -  
ducing t h e  c o s t  of  s p a r e s  i n  t h e  a i r c r a f t  program. I t  was 
cons idered  t h a t  t h e  engine  i n l e t s  would n o t  p r e s e n t  a  
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problem. There w i l l  be a  sma l l  weight  p e n a l t y  i n  
t h e  a d a p t e r  mounting t h e  engine  which must reach  f u r t h e r  
o u t  t o  a t t a c h .  
The toed- in  engine  arrangement has  been selected a s  a  
b a s e l i n e .  
I n t e g r a t e d  Versus "Patch-On" Engine Gearbox Arrangement 
F igure  A1.25shows a  comparison of  two o p t i o n s  f o r  mounting 
t h e  engine  t r a k m i s s i o n  on t h e  Lycoming LTClK-4K (T53 
d i r e c t - d r i v e )  engine.  Option A is c l o s e l y  i n t e g r a t o d  t o  
minimize weight and overhang of t h e  box by a l lowing  t h e  
i n p u t  p in ion  g e a r  suppor t  system t o  i n t r u d e  i n t o  engine  
nose space  vaca ted  by t h e  normal T53  engine  r educ t ion  
gea r ing  i n  t h e  o r i g i n a l  convers ion  t o  d i r e c t  d r i v e .  Th i s  
arrangement is s i m i l a r  t o  t h a t  proposed f o r  t h e  Boeing 
Ver to l  Model 222 des ign  a s  shown i n  l ayou t  SK222-10210 
and coord ina ted  wi th  Lycoming a t  t h a t  t i m e .  The des ign  
had common lubrication f o r  engine  and Boeing Ver to l  
gearbox,  n o t  envis ioned  i n  c u r r e n t  Option A .  The c u r r e n t  
XV-15 w i th  t h e  B e l l  gearbox does  n o t  use  t h e  scheme - 
see engine  i n s t a l l a t i o n  drawings.  Recent review of 
Option A w i th  Lycoming i n d i c a t e s  s u f f i c i e n t  changes i n  
- 
t h e  c u r r e n t  engine  would be  needed s o  a s  t o  r e q u i r e  a new 
60-hour PFRT a t  c o n s i d e r a b l e  c o s t  t o  t h e  envis ioned  
HTR XV-15 mod i f i ca t ion  program. 
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Option B of F igu re  A1.25 shows t h e  nose gearbox hung 
o r  "patched" on t h e  c u r r e n t  eng ine  nose w i th  no engine  
r e v i s i o n s .  The p in ion  g e a r  bea r ing  suppor t  space  r e q u i r e d  
i s  j u s t  forward of  t h e  engine  nose - t h e  p i n i o n  s h a f t  male 
s p l i n e  would mate w i th  t h e  female engine  d r i v e  s h a f t  s p l i n e  
and t h e  gearbox c a s e  would be t i e d  i n  a t  t h e  engine  mount- 
i n g  f a c e  s t u d  c i r c l e .  The eng ines  c u r r e n t l y  i n  t h e  XV-15 
program could  be used w i t h  no change and no r e q u a l i f i c a * i o n .  
Option B i nvo lves  weight  p e n a l t i e s  ove r  Option A - t h e  
gearbox c a s i n g  i s  longer  and overhung moments a r e  g r e a t e r ;  
i n  a d d i t i o n ,  t h e  engine  i s  pushed a f t  6.2 i nches  making 
t h e  engine  suppor t  a d a p t e r  l a r g e r  and h e a v i e r .  
Option B I  t h e  "2atch-on" gearbox,  has  been s e l e c t e d  a s  a 
b a s e l i n e  xiiore s u i t a b l e  t o  t h e  a i r c r a f t  mod i f i ca t i on  program 
be ing  s t u d i e d ,  for r ea sons  of  reduced c o s t  f o r  a  one o f  a  





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX 11 - ROTOR AND HUB DESIGN 
A I I - 1  - ROTOR HUB 
The primary f a c t o r  i n f l u e n c i n g  t h e  apgroach t o  t h e  des ign  of 
a  r o t o r  head f o r  t h e  HTR XV-15 was t h e  expe r i ence  ga ined  
s i n c e  t h e  Model 222 (Reference 3)  was des igned  i n  1971. I n  
p a r t i c u l a r ,  over  s i x  y e a r s  o f  e f f o r t  was devoted t o  t h e  d e s i g n ,  
manufacture and t es t  of t h e  YUH-61A UTTAS p ro to type  (Reference 
4 )  and to  t h e  des ign  of t h e  YUH-61A proposed product ion  UTTAS. 
Over 2,000 f l i g h t  hours  were accumulated on f o u r  a i r c r a f t ,  
t h e  ground test v e h i c l e  r a n  an a d d i t i o n a l  1 ,500 hours  and 
e x t e n s i v e  bench t e s t i n g  was conducted.  
A number of problems and t h e i r  s o l u t i o n s  were i d e n t i f i e d  d u r i n g  
t h i s  pe r iod .  I n  a d d i t i o n ,  a comprehensive des ign  improvement 
program, i nc lud ing  weight ,  c o s t ,  m a i n t a i n a b i l i t y  and r e l i a b i l i t y  
c o n s i d e r a t i o n s ,  was conducted wh i l e  developing t h e  product ion  
UH-61A r o t o r  head conf igu ra t ion .  i?t?ch of t h i s  in format ion  i s  
ap? l i cab le  t o  a  hingeless-  tilt r o t o r  head. 
The most s i g n i f i c a n t  d e p a r t u r e  from t h e  Model 222 concept: is 
i n  t h e  a r e a  of b l ade  r e t e n t i o n .  The b l ade  is  a t t a c h e d  t o  t h e  
p i t c h  s h a f t  wi th  two p i n s  a s  opposed t o  t h e  "coke b o t t l e "  
r e t e n t i o n  of t h e  Model 2 2 2 .  Th i s  q r e a t l y  s i m p l i f i e s  b l ade  
manufacture ,  e l i m i n a t e s  a l l  meta l  from t h e  b l ade  r o o t  end 
and pe rmi t s  t h e  b l ade  t o  be a. s e p a r a t e  component, removable 
independent of t h e  r o t o r  head. Th i s  l a t t e r  c h a r a c t e r i s t i c  
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e n a b l e s  i n s p e c t i o n  o f  i n d i v i d u a l  components f o x  f a t i g u e  
damage and r e p l a c e m a n t  w i t h o u t  n e c e s s a r i l y  d i s c a r d i n g  t h e  
major e l e m e n t s  o f  t h e  b l a d e .  
AII-2 - DESIGN CONFIGURATION 
G e n e r a l .  The r o t o r  hub assembly  i s  shown i n  F i g u r e  k2 .1 .  
I t  i s  a  t h r e e - b l a d e d  d e s i g n ,  h i n g a l e s s  i n  t h e  f!ap and chord  
a x e s ,  and p r o v i d e s  .62S i n c h  t a r q u e  o f f s e t  i n  t h e  l e a d  
d i r e c t i o n  and 2 . 5  d e g r e e s  p recone  from t h e  c e n t e r  o f  r o t a t i o n .  
The c h a r a c t e r i s t i c s  o f  t h e  i n 9 i v i b u a l  components are d i s c u s s e d  
i n  f o l l o w i n g  s e c t i o n s .  The m a t e r i a l  s e l e c t e d  f o r  each  of t h e  
major components is  l i s t e d  i n  T a b l e  A 2 . 1 .  To a v o i d  
r e p e t i t i o n ,  a s  t h e  v a r i o u s  f e a t u r e s  of t h e  d e s i g n  a r e  d i s c u s s e d ,  
t h e y  w i l l  be  a n n o t a t e d  t o  i n d i c a t e  t h e  d e g r e e  of  Boc 'ng  V e r t o l  
e x p e r i e n c e  w i t h  e a c h .  
(1) I n d i c a t e s  used and t e s t e d  on  t h e  Model 222. 
( 2 )  I n d i c a t e s  f e a t u r e  used and t e s t e d  on t h e  
YUP-61A. 
(31  I n 3 i c a t e s  f e a t u r e  d e s i g n e d  f o r  t h e  UH-61A. 
P a r t i a l l y  comple te  d rawings  o f  t h e  major  components are i n -  
c l u d e d  a s  P i g u r e s  k.2. and A2.3. However o n l y  t h e  
assembl:? d rawing ,  F i g u r e  A2.1 f u l l y  d e p i c t s  t h e  f i n a l  con- 
f i g u r a t i o n .  
Rotor  t!:ib: -.- The r o t o r  hub is  shown i n  F i g u r e  A 2 . 2 .  The 
c e n t r a l  hub i s  mounted t o  t h e  main t r a n s m i s s i o n  r o t o r  s h a f t  
w i t h  12  s t u d s  and buah ings .  The s t u d s  r e a c t  t h e  rotor t h r u s t  









































































































































































































































































































































































































































































I WLDOUX FRAME 
_: --A . 




The connec t ion  i s  redundant  i n  t h a t  it i s  des igned  t o  
f u n c t i o n  w i t h  s e v e r a l  s t u d s  and/or bushings  f a i l e d .  An 
aluminum-bronze-ekonol coa ted  space r  ( * I  i s  i n s t a l l e d  between 
t h e  hub and s h a f t  t o  p r even t  f r e t t i n g .  The space r  a l s o  
s e r v e s  a s  an a t tachment  f o r  t h e  s p i n n e r  suppor t .  
( 2 )  The t h r e e  p i t c h h o u s i n g s  are i n t e g r a l w i t h t h e h u b  . 
Bearing l i n e r s  are i n s t a l l e d  i n  t h e  p i t c h  housings  t o  p reven t  
f r e t t i n g  and a l s o  t o  pe rmi t  bear ing  i n s t a l l a t i o n  and removal 
( 2 )  wi thou t  damage t o  t h e  hub . 
P i t c h  S h a f t :  The p i t c h  s h a f t  i s  shown i n  F igu re  A2.3. 
The inboard b a r r e l  s e c t i o n  i s  mounted w i t h i n  t h e  hub p i t c h  
housing on a p a i r  of r o l l e r  b e a r i n g s  ( 2 )  . There i s  no p i t c h  
horn a s  such;  t h e  p i t c h  l i n k  connec ts  d i r e c t l y  t o  a  l u g  on 
t h e  p i t c h  s h a f t .  A t  i t s  outboard end ,  t h e  p i t c h  s h a f t  t r a n -  
( 2  s i t i o n s  t o  a  c l e v i s  t o  p rov ide  t h e  b lade  a t tachment  . 
Bushings a r e  i n s t a l l e d  i n  t h e  l u g s  t o  p reven t  f r e t t i n g  and 
t o  permi t  p i n  i n s t a l l a t i o n  and removal wi thout  damage t o  t h e  
p i t c h  s h a f t  ( 2 )  . 
Blade Attachment: The r o t o r  b l ade  i s  mounted w i t h i n  t h e  p i t c h  
( 3  s h a f t  c l e v i s  and a t t a c h e d  wi th  two hollow p i n s  . The o u t s i d e  
d iameter  of t h e  p i n  is s tepped  t o  f a c i l i t a t e  i n s t a l l a t i o n  and 
r e r n o ~ a l ' ~ ) .  Clam@-up is provided by a  b o l t  through t h e  c e n t c r  
of t h e  p i n  which t h r e a d s  i n t o  a cap  n u t ( 3 ) .  An a d d i t i o n a l  
n u t  on t h e  b o l t  t r a p s  it w i t h i n  t h e  p i n  and pe rmi t s  t h e  bo l ,  
t o  be used a s  a p i n  p u l l e r  ( 3 )  . To p reven t  f r e t t i n g  t h e  
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s e c t i o n  of t h e  p i n  w i t h i n  t h e  p i t c h  i s  tungs ten-carb ide  
coa ted  ( 2 )  wh i l e  t h e  s e c t i o n  w i t h i n  t h e  b l ade  is  coa ted  w i t h  
( 3 )  t e f lon-dacron  f a b r i c  . 
With t h e  c l e v i s  and two p i n  arrangement,  t h e r e  a r e  f o u r  load  
pa ths  between t h e  b lade  and p i t c h  s h a f t .  The connec t ion  is  
redundant i n  t h a t  it is  designed f o r  30 hours  l i f e  wi th  any 
( 3 )  one load  p a t h  miss ing  due t o  a p i t c h  s h a f t  or p i n  f a i l u r e  . 
The c l e v i s  is s l o t t e d  between t h e  h o l e s  t o  p reven t  a c rack  
from propaga t ing  from one l u g  t o  t h e  o t h e r  ( 3 )  . 
P i t c h  Bearings & Lubr i ca t ion  System: P i t c h  change motion 
between t h e  p i t c h  s h a f t  and hub is accommodated by a p a i r  of  
o i l - l u b r i c a t e d  r o l l e r  bea r ings  ( 2 )  . The bea r ings  a r e  des igned  
wi th  two r o l l e r  p e r  cage pocket  t o  maximize c a p a c i t y ( 2 )  , and 
both bea r ings  have a B-10 l i f e  of 3 , 0 0 0  hours .  
Lhe o i l  r e s e r v o i r  is l o c a t e d  on t h e  t o p  of t h e  h u b ( 3 ) .  
I t  is f i t t e d  wi th  a f i l l i n g  p o r t  and a s i g h t  g l a s s  f o r  a s -  
c e r t a i n i n g  proper  o i l  l e v e l .  Two p o r t s  a r e  provided i n  t h e  
outboard bea r ing  r e t a i n e r  ( 2 )  . The upper one permi ts  a i r  t o  
escape du r ing  f i l l i n g  whi le  t h e  lower one i s  used t o  d r a i n  
t h e  o i l .  
The l u b r i c a t i o f i  system s e r v e s  a s  a f a i l s a f e  mechanism f o r  t h e  
hub and p i t c h  s h a f t  . Both a r e  des igned  f o r  30 hours  l i f e  
a f t e r  a c r ack  has  propagated through t h e  w a l l  and pe rmi t t ed  
t h e  o i l  t o  escape  ( 2 )  . Thus, a l o s s  of o i l ,  w i l l  i n d i c a t e  
t he  p o ~ s i b i l i t y  o f  a c r ack .  I n  a d d i t i o n ,  a series of 8 
ho le s  a r e  d r i l l e d  i n  t h e  w a l l  of t h e  p i t c h  s h a f t  under t h e  
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outboard bear ing  t o  extend t h e  f a i l s a f e t y  t o  t h i s  a r e a .  
CF Re ten t ion  System: The r o t o r  b l ade  c e n t r i f u g a l  f o r c e  i s  
t r a n s m i t t e d  through t h e  a t tachment  p i n s  t o  t h e  p i t c h  s h a f t  and 
then  t o  l amina ted  e l a s t o m e r i c  bea r ing  ( l)  . The bea r ing  i s  
r e t a i n e d  by a pos t (1)  which i s  pinned t o  a  block i n  t h e  c e n t e r  
of t h e  hub. The p o s t  and block a r e  shown i n  F igure  fr2.1. 
Redundancy f o r  t h e  CF r e t e n t i o n  components i s  provided by 
a  p a i r  of f l a n g e s  which extend over  
o p p o s i t e  90' a r c s  on t h e  hub i n s i d e  d i ame te r  and p i t c h  s h a f t  
o u t s i d e  d iameter  . The p i t c h  s h a f t  is i n s t a l l e d  i n  "bayonet1* 
f a s h i o n ,  i . e . ,  t h e  s h a f t  i s  i n s e r t e d  i n  t h e  hub and r o t a t e d  
90' t o  engage t h e  f l a n g e s .  Normally t h e  f l a n g e s  a r e  s e p a r a t e d ,  
bu t  come i n t o  c o n t a c t  t o  p r even t  t h e  l o s s  of t h e  r o t o r  b lade  
should a r e t e n t i o n  component f a i l .  S ince  t h e  f l a n g e s  a r e  
l o c a t e d  w i t h i n  t h e  o i l  c a v i t y ,  l u b r i c a t i o n  i s  provided t o  
t h e  s u r f a c e s  i n  c o n t a c t  t o  accommodate p i t c h  change motions .  
AII-3 - BLADES & CUFF 
Blade Desc r ip t i on :  SK-27253 (Figures A2.4 to A2.7), shckJs the 
HTR XV-15 r o t o r  b l a d e ,  conf igured  t o  meet t h e  o b j e c t i v e s  and 
c r i t e r i a  of t h i s  R&D e f f o r t .  The two pin a t t a c h e d ,  composite 
b l a d e ,  embodies much of t o d a y ' s  s t a t e - o f - t h e - a r t ,  proven 
des ign  f e a t u r e s  and f a b r i c a t i o n  p roces se s .  
The two-pin b l a d e  t o  hub a t tachment  i s  loca t ed  a t  S t a t i o n  
11.100 ( .071  R) . The b l ade  r a d i u s  r e m a i . 1 ~  a s  it was on t h e  
Model 222, S t a t i o n  156.00. A l l  boron c r o s s - p l i e d  m a t e r i a l s  
have been rep laced  by g r a p h i t e  c ros s -p ly .  This  i n c l u d e s  t h e  
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a i r f o i l  s k i n s ,  i n n e r  t o r s i o n  wrap and o u t e r  t o r s i o n  wrap. 
The b l ade  r o o t  end,  a s u b s t i t u t i o n  was made by changing t h e  
boron o u t e r  t o r s i o n  wrap t o  g l a s s / g r a p h i t e  conb ina t ion .  
"Overa l lu  geometry, t w i s t ,  cho rda l  dimension, and b l ade  
r a d i u s  remain a s  t h e  Model 222 r o t o r  b l ade  c o n f i g u r a t i o n .  
Blade/Hub I n t e r f a c e :  The two-pin r e t e n t i o n  concept  s e l e c t e d ,  
i n t e r f a c e s  w i t h  t h e  r o t o r  hub p i t c h  s h a f t  a t  r o t o r  S t a t i o n  
11.100". The p i n s  c e n t e r  spac ing  was chosen t o  be 3.500 
inches  a f t e r  a t r a d e  s t u d y  conducted t o  op t imize  t h e  a t t a c h -  
ment a r e a  f o r  minimum weight and o v e r a l l  minimum c r o s s  s e c t i o n .  
The b lade  (SK-27253) s l i p s  i n t o  a h o r i z o n t a l  c l e v i s  j o i n t  of 
t h e  hub (SK-27252). Two v e r t i c a l - c y l i n d r i c a l  hollow r e t e n t i o n  
p i n s  connect  t h e  r o t o r  b l ade  t o  hub. A n t i - f r e t t i n g  m a t e r i a l  
is bonded t o  t h e  f ay ing  s u r f a c e s  of t h e  r o t o r  blade and i~ 
r e p l a c e a b l e .  
S t r u c t u r a l  Design 
(A )  Spar - The S-glass  (SP-250 SF-1) u n i - f i b e r s ,  which 
form t h e  primary load  p a t h ,  extend inboard from t h e  
b lade  t i p  around t h e  two at tachment  loops  and r e t u r n  
outboard of  t h e  t i p .  This  forms a d n a l  cont inuous ,  
bond-free,  f a i l - s a f e  b lade  rooL end t e t e n t i o n .  The 
t h i c k n e s s  v a r i e s  w i th  t h e  s t r u c t u r a l  s t r e n g t h  requirement .  
Graphi te  c ros s -p ly  has  been added t o  t h e  g l a s s  c r o s s -  
p l i e d  s k i n s  f o r  a d d i t i o n a l  t o r s i o n t i  s t r e n g t h .  
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The v e r t i c a l  wraparound r o o t  l o o p s ,  t r a n s i t i o n  t o  
an e l l i p t i c a l  inboard s p a r  s e c t i o n  whose c h a r a c t e r i s t i c s  
a r e  t a i l o r e d  t o  l o c a t e  t h e  " e f f e c t i v e  h inge"  of t h e  
h i n g e l e s s  r o t o r  system,  a s  f a r  inboard a s  p o s s i b l e .  
This  s e c t i o n  t r a n s i t i o n s  t o  a "C" spar s e c t i o n  a t  
t h e  inboard end of t h e  a i r f o i l  p o r t i o n  of t h e  b l ade .  
The "Cw shape of t h e  s p a r  e x t l n d s  t o  t h e  t i p  of t h e  
b lade .  
(B) Aft  F a i r i n g  - The a f t  f a i r i n g  c o n s i s t s  of S-g lass  + 4 S 0  - 
c ros s -p l i ed  s k i n s ,  over  a  Graphi te  + 4 5 O  - s u b - s t r a t e ,  
cover ing a  Nomex honeycomb co re .  The inboard t e r n i n a t i o n  
of t h e  s k i n s  i s  a t  an s n g l e  t o  t h e  s p a r  t o  t r a n s f e r  t h e  
f a i r i n g  l oads  o n t o  t h e  s p a r .  The forward p o r t i o n  of the> 
c o r e ,  uppet  and lower s u r f a c e s  a r e  i n  c o n t a c t  wi th  t h e  
c r o s s - p l i e d ,  S-g lass  i n n e r  t o r s i o n  wrap,  and t.he un i -  
d i r e c t i o n a l  s p a r  m a t e r i a l  ( t h e  a f t  p o r t i o n  of "he "C" 
s p a r )  . 
The aluminum honeycomb c o r e  i s  cont inuous from inboard 
en2 of t h e  a i r f o i l  t o  t h e  b l ade  t i p .  Aluminum c o r e  was 
s e l e c t e d  f o r  i t s  h ighe r  s h e a r  modulus. And a more a f t  
shea r  c e n t e r  requirement  was met by t h e  use  of aluminuz. 
Matched meta l  molds prov ide  a c c u r a t e  c o n t r o l  5: t h e  
a i r f o i l  and T.E.  ang l e .  The T .E .  of t h e  f a i r i n g  is  a 
u n i - d i r e c t i o n a l  S-g lass  bui ld-up between upper and lower 
f a i r i n g  s k i n s .  F u r t h e r  s tudy  should be made to opt imize  
t h e  co re  d e n s i t y  a t  t h e  forward,  o u t e r  b lade  spa?.  
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Weight sav ing  could r e s u l t  from t h i s  e f f o r t  . 
Sec t ions :  The e n t i r e  l i f t i n g  s u r f a c e  of  t h e  b l ade  is ccntour -  
-- 
ed t o  NACA-23010-1.58 a i r f o i l  o r d i n a t e s .  The t h e o r e t i c a l  
chord d iameter  is 17.600". The p i t c h  a x i s ,  ( t w i s t  a x i s  
a l s o )  , is l o c a t e d  . 2 S  chord.  
The a c t u a l  cho rda l  d i ame te r  is 1C.850". T r i m  t a b  a t  T.E.  
i n c r e a s e s  t h i s  d iameter  by . 7 5 "  l o c a l l y .  Spar  s e c t i o n s  a r e  
blended inboard t o  a nea r  e l i p s e  shape a t  S t a t i o n  31.20. 
F l a r i n g  and bendinq inboard t o  a  r e c t a n g u l a r  shape a t  r e t e n -  
ten t ior .  S t a t i o n  11.100". 
In s t rumen ta t ion  P r o v i s i o n s :  Adequate s t r a in -gag ing  and 
t e l eme t ry  monitor ing o f  t h e  r o t o r  b lade  i s  scheduled.  The 
f l a p  and chord bending s t r a i n  gages s h a l l  be ins t rumented  and 
a f ixed  t o  t h e  r o t o r  b lade  shank and a i r f o i l  s e c t i o n s .  Gauge 
placement s h a l l  be shown on an in s t rumen ta t ion  i n s t a l l a t i o n  
drawing,  due l a t e r .  J u d i c i o u s  gauge placement s h a l l  monitor 
t h e  c r i t i c a l  sh4nk s e c t i o n s  and t h e  maximum bending l o c a t i o n s  
on t h e  a i r f o i l .  T r a i l i n g  edge read ings  w i l l  be recorded a l s o .  
Water Tightness :  The epoxy r e s i n / f i b e r g l a s s  m a t r i x  used 
throughout  t h i s  r o t o r  b l ade  is  an e x c e l l e n t  mois ture  b a r r i e r .  
The inboard p o r t i o n  of t h e  b l ade  shank ( a t  t h e  r e t e n t i o n  h o l e s )  
s h a l l  be s ea l ed  t o  a s s u r e  a w a t e r - t i g h t  s t r u c t u r e .  The a f t  
f a i r i n g  inboard r i b  i s  conformed tn  bond over - t h e  f a i r i n g  
skits t o  p r o h i b i t  t h e  water  e n t r y  pa th  i n t o  t h e  f a i r i n g  c o r e .  
A t  t h e  t i p  ( t h e  on ly  o t h e r  p o s s i b l e  opening i n  t h e  b l ade )  a  
BMS 5-44  polysulphidh r i b  i s  i n s e t  between t h e  f a i r i n g  s k i n s  
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t o  allow t h e  moi s tu re  t o  p a s s  over  t h e  f a i r i n g  s k i n s  and no t  
c o n t a c t  t h e  "end r i b " .  Water - t igh t  s e a l  c o n d i t i o n s  exis t  
a t  a l l  openings i n t o  t h e  t i p  weight  housing,  t h u s  a  completely  
s e a l e d  r o t o r  b lade .  
Erosion P r o t e c t i o n :  The l e a d i n g  edge of t h e  r o t o r  b lade  i s  
p r o t e c t e d  by a  "Three-Part  System". The outboard 15% of . t he  
b l ade  ( S t a t i o n  132.60 t o  t i p ) ,  a  r e p l a c e a b l e  n i c k e l  cap i s  
proposed. Inboard of t h i s ,  a  6AL-4V t i t a n i u m  s h e e t  cover ing  
1 0 %  of chord,  con t inues  inboard t o  approximately S t a t i o n  
74 .00 .  The lead ing  edge of t h e  aerodynamic f a i r i n g  w i l l  be 
covered wi th  a  non-meta l l i c  s h e e t i n g  - bonded s e c o n d a r i l y  
and more e a s i l y  r ep l aced .  Candidates  f o r  t h i s  cover ing  a r e  
Dunlop's adhes ive  backed polyure thane  s h e e t ,  WX1119 o r  
Goodr ich ' s  Es tane  No. 58370-288 Black. The t i t a n i u m  s h e e t  
LE cap s e l e c t e d  f o r  minimum s t r a i n  i n c o m p a t i b i l i t y  wi th  t h e  
f i b e r g l a s s  s u b - s t r a t e .  Nickel  was s e l e c t e d  f o r  b e s t  wear 
c h a r a c t e r i s t i c s  i n  t h e  h i g h e s t  wear r a t e  r e g i o n ,  and forms t \e  
LE t i p  cap.  
Balance: Chordal ba lance  is  accomplished by segmented 
tungs ten  L.E.  weights  i n s t a l l e d  a t  t h e  major assembly/bond. 
Th i s  weight system extends  spanwise a long t h e  b l ade  from 
S t a t i o n  72.00 t o  150.25. S e l e c t i v e  assembly of b l ade  
components s h a l l  reduce t h e  t o t a l  L.E. ba lance  weight  re- 
qu i r ed .  
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Tungsten t r a c k i n g  weights  a r e  con ta ined  i n  t h e  t ip -weight  
housing and a r e  r e t a i n e d  by a s t a n d a r d  screw and a redundant ,  
s e p a r a t e ,  th readed  r e t a i n e r  which is aerodynamical ly  smooth 
a t  t h e  b l ade  t i p .  These r e t a i n e r s  a r e  sa fe ty-wired  a f t e r  
i n s t a l l a t i o n .  The t r a c k i n g  weight  p roduct  moment a v a i l a b l e  
(about  t h e  dynamic ba lance  a x i s )  is 3.13 inch- lbs .  An 
a d d i t i o n a l  .50 l b  weight  pocket  on t h e  "D.B.A." is a d d i t i o n a l  
span weight .  Overbalance c o n s i d e r a t i o n s  a r e  s a t i s f i e d  by t h e  
c a v i t y  a v a i l a b l e  a t  t h e  forward t r a c k i n g  weight  l o c a t i o n .  
The overba lance  weights  a r e  i n s t a l l e d  p r i o r  t o  t h e  forward 
t r a c k i n g  weights .  I f  no overba lance ,  o r  t r a c k i n g  weight i s  
r e q u i r e d ,  a wood dowel is used t o  f i l l  t h e  unused c a v i t y ,  
s i m i l a r l y  f o r  o t h e r  unused c a v i t i e s .  
Frequency Tuninq: Some f l a p  f requency tun ing  can be accom- 
p l i s h e d  by t h e  a d d i t i o n  of  weights  a t  S t a t i o n  124.80 ( . 8 0 r ) .  
Three c a v i t i t e s  i n  t h e  co re  assembly have a s i l i c o n e / t u n g s t e n  
mass p laced  on an anti-mode t o  r a i s e  t h e  second f l a p p i n g  £re-  
quency. A d d i t i o n a l l y ,  t h e  t i p  f i t t i n g  has  a pocket  capable  
of ho ld ing  t e n  (10)  weights ,  t o t a l i n g  . 4 7  l b s ;  ( a t  l o c a t i o n  
S t a t i o n  154 .0 ) .  This  mass lowers  t h e  f i r s t  mode f l a p p i n g  
frequency. 
T w i s t :  Blade t w i s t  remains much t h e  same a s  t h e  preu ipus  
b u i l t  d e s i g n ,  wi th  a s l i g h t  d e v i a t i o n  a t  t h e  inboard end. I n  
o r d e r  t o  accommodate t h e  two-pin r e t e n t i o n  assembly,  t h e  
b lade /spar  t w i s t  beg ins  outboard of t h e  hub c l e v i s  hardware 
S t a t i o n  1 3 . 2 6  o r  .085r .  Inboard of  t h i s  l o c a t i o n  through 
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t h e  c l e v i s  no t w i s t  e x i s t s .  For t w i s t  c h a r t  d a t a ,  see 
Shee t  1 of Drawing SK-27253, Zone 12A. 
t / c :  A 1 0 %  t h i c k n e s s  of a  t h e o r e t i c a l  chord of 17.600 = 
-
1.760".  An a c t u a l  chord d iameter  is 18.850, a t / c  of .093. 
The most inboard s t a t i o n  of t h e  aerodynamic f a i r i n g  i s  
S t a t i o n  14.75 and i s  a  modif ied NACA 0021 a i r f o l l .  I t s  
t / c  = 5.938/16.850 = .315. This  shape i s  t r a n s i t i o n e d  t o  
NACA 23010-1.58 a t  S t a t i o n  70.20". 
R e p a i r a b i l i t y :  F i b e r g l a s s  r o t o r  b l a d e s  a r e  more e a s i l y  
r e p a i r e d  t han  a  me ta l  c o u n t e r p a r t .  The more f o r g i v i n g  
f i b e r g l a s s  a l s o  reduces  t h e  number of r e p a i r s  r e q u i r e d .  These 
r e p a i r s  a r e  u s u a l l y  made " i n  t h e  f i e l d " ,  r a r e l y  r e q u i r i n g  a  
depo t  f i x .  Most r e p a i r  requ i rements  occur  t o  t h e  f a i r i n g s  
and t r a i l i n g  edges .  Temporary r e p a i r  can b,e made by " t a p i n g  
over"  t h e  damage and con t inue  f l i g h t  o p e r a t i o n s  u n t i l  a  
convenien t  t ime t o  make a  permanent r e p a i r .  
A permanent r e p a i r  i nvo lves  t h e  removal of a  p o r t i o n  of t h e  
f a i r i n g ,  by machining o u t  a  s e c t i o n  of t h e  s k i n  and c o r e  and 
t h e  i n s t a i l i n g  and bonding of  a  "pa t ch" .  A r e t r a c k i n g  of 
t h e  b l ade  i s  t h e n  done dynamical ly  on t h e  a i  - r a f t .  
I c e  P r o t e c t i o n  - El imina ted  from t h e  re%. iements  
c r i t e r i a .  
L igh tn inq  - El imina ted  from t h e  requi rements  c r i t e r i a .  
Corrosion Cont ro l  - F i b e r g l a s s  non-meta l l i c  s l e e v e s  - 
CRES hardware.  P a i n t  a g a i n s t  u l t r a - v i o l e t  r a y s .  Sea led  
end c l o s u r e s  on a i r f o i l  p o r t i o n .  
A I I - 4  - SECTION PROPERTIES 
For t h i s  des ign  e f f o r t ,  t h e  b l ade  was d i v i d e d  i n t o  t w o  major 
p a r t s ,  t h e  r o o t  end from S t a t i o n  11.1 t o  S t a t i o n  4 6 . 8 ,  and 
t h e  a i r f o i l  s e c t i o n  a t  S t a t i o n  70.2. 
Seven r o o t  end i t e r a t i o n s  were r e q u i r e d  t o  meet t h e  f requency 
and s t r e n g t h  c r i t e r i a .  The f i n a l  s e c t i o n  p r o p e r t i e s  of 
Design 37 a r e  shown i n  Table  A2.2. These v a l u e s  were 
c a l c u l a t e d  from t h e  r o o t  end c r o s s  s e c t i o n s  shown on 
SK-27253. 
The i n f l u e n c e  o f  t h e  blade-to-hub at tachment  j o i n t  and t h e  
p i t c h  change bea r ings  on s t i f f n e s s  has  b t en  determined.  The 
f l a p  and chord s t i f f n e s s e s  from .017R t o  .09R a r e  shown i n  
Table  A2.2. The s t i f f n e s s  c a l c u l a t i o n s  i nc lude  a  3 i nch  
s e c t i o n  of t h e  b l ade  outboard of  .071R, t h e  f i b e r g l a s s  l oops  
around t h e  p i n ,  t h e  p i n ,  t h e  p i t c h  s h a f t  outboard of t h e  p i n s ,  
t h e  remaining p o r t i o n  of t h e  p i t c h  s h a f t ,  t h e  hub arm and t h e  
p i t c h  change bea r ings .  These c a l c u l a t i o n s  were performed 
f o r  t h e  t i t a n i u m  hub c o n f i g u r a t i o n  and t h e  r o o t  end conf ig-  
u r a t i o n  of  Design 36. 
For t h e  a i r f o i l  s e c t i o n  a t  .45R t h e  o b j e c t i v e  was t o  minimize 
t h e  weight and maximize t h e  t o r s i o n a l  s t i f f n e s s  when t h e  
boron c r o s s p l y  was removed. The i t e r a t i o n  des igna ted  Design 
H m e t  t h e s e  o b j e c t i v e s .  A comparison between t h e  p r o p e r t i e s  
of Design H and t h e  " a s  manufactured" Model 222  is shown i n  
Table  A2.3. The c r o s s  s e c t i o n  a t  .45R i s  shown on SK-27253. 
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Cuff :  A cu f f  ( inboard  aerodynamic f a i r i n g  - S t a t i o n  14.75 t o  
-
S t a t i o n  70.20) w i l l  be s e p a r a t e l y  mounted/bonded i n  p l a c e .  
The composite cu f f  s h a l l  be  s t r u c t u r a l l y  independent  of 
t h e  r o t o r  b l ade  shank. I t  s h a l l  have a l e a d i n g  edge e r o s i o n  
p r o t e c t i o n  which i s  r e p l a c e a b l e .  A cand ida t e  m a t e r i a l  f o r  
t h i s  a p p l i c a t i o n  i s  Goodr ich ' s  "Es tane  5837OW, ( a  po lyure thane  
s t r i p ) .  I n s t rumen ta t i on  w i r i n g  p r o v i s i o n s  s h a l l  be provided 
t o  complete connec t ions  between b l ade  shank sensors /gauges  
and t h e  hub r eco rd ing  dev ice  t e r m i n a l  board ;  and o r  t e l e -  
metry s l i p r i n g  assembly mounted on t h e  hub. 
The cu f f  planform i s  s h i f t e d  forward a t  t h e  inboard  end 
( S t a t i o n  14.75) t o  more e a s i l y  e n c a p s u l a t e  t h e  r o t o r  b l ade  
shank. The cu f f  ( e n t o t a l )  i s  t o  be a removeable i t e m  a s  
easy a c c e s s  t o  t h e  b l ade  shank ,  f o r  p e r i o d i c  i n s p e c t i o n .  
I 
Cuff weight  e s t i m a t e s  a r e  18 t o  20 pounds, and a r e  i nc luded  
i n  a t o t a l  b l a d e  weight  of approximately  9 3  pounds. 

TABLE A 2 . 3  
ElF, L E - I ~ ~ *  X 16' 
Elc, LE-IN? X 1C6 
GJ, LB- IN^ X 10 
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The b l ade  weight  f o r  t h e  f i n a l  r o o t  end and a i r f o i l  d e s i g n s  
has  been determined. A weight  summary is shown Lii Tsb le  
A2.4. The b l ade  weight is 93 pounds. The t o t a l  r o t o r  
system weight i s  501 pounds. This  compares t o  t h e  Model 222 
t o t a l  r o t o r  system weight  of 516 pounds. 
Blade Frequencies:  Using t h e  Design 37 r o o t  end and t h e  
Design H a i r f o i l  p r o p e r t i e s  t h e  Y-71 coupled n a t u r a l  f r e q u e n c i e s  
were determined.  For t h e  hover c o n d i t i o n  (551 rpm and 9 O  
c o l l e c t i v e  p i t c h )  a l l  t h e  f r equenc ie s  meet t h e  des ign  c r i t e r i a  
a s  shown i n  Table  A2.5. 
.Table A2.6 shows t h e  v a r i a t i o n  of n a t u r a l  f r e -  
quenc ies  w i th  rpm and c o l l e c t i v e  p i t c h .  I f  changes a r e  made 
i n  t h e  f i n a l  des ign  t h e  s e n s i t i v i t y  of f r eqyenc ie s  t o  t i p  
weight and tun ing  weight a t  . 8 R  i s  p re sen ted  i n  Table  A 2 . 7  
f o r  t h e  hover c o n d i t i o n .  
Design Loads: This  s e c t i o n  c o n t a i n s  t h e  f a t i g u e  loads  used 
f o r  t h i s  des ign  e f f o r t .  Table  A2.3 shows t h e  a l t e r n a t i n g  
f l a p ,  chord and t o r s i o n a l  moment d i s t r i b u t i o n s  and F igu re  
A 2 . 9  p r e s e n t s  t h e  s t e a d y  moment d i s t r i b u t i o n s .  F igure  
~ 2 . 1 0  shows t h e  d e s i g n  CF  d i s t r i b u t i o n  a t  551, rpm. 
The magnitude of t h e  a l t e r n a t i n g  f l a p  and chord moments was 
s e l e c t e d  t o  g i v e  i n f i n i t e  l i f e  f o r  t h e  me ta l  hub components 
and a  g r e a t e r  t han  5,000 hours  l i f e  f o r  t h e  f i b e r g l a s s  
spa r .  I n  terms of hover c y c l i c  p i t c h ,  t h e  meta l  components 
w i l l  be desiqned f o r  +7" and t h e  f i b e r g l a s s  s p a r  w i l l  be 
0 - designed f o r  - +5 . The d i s t r i b u t i o n  of a l t e r n a t i n g  f l a p  and 
chord moments w a s  ob t a ined  from Reference 3 i n  S e c t i o n  5 f o r  
A I I - 3 1  
TABLE I11 
HTR-XV15 
WEIGHT SUMMARY FOR DESIGN 37 
GLASS 6 GRAPHITE 1 . 5 6  
(INBOARD OF . O7lR) 
\ 
I 2 SLEEVES I . 8 6  I 
SECTION/'PART 
1 4 DROOP STOPS 
I I 1.44 I 
WEIGHT 
CUFF (EST.)  
WEIGHT BASED ON MODEL 22  "AS MANUFACTUFiED" WEIGHT 
DISTRIBUTION PLUS ADDITIONS DUE TO AIRFOIL DESIGN H. 
ALSO INCLUDES 4.2 POUNDS TUNING WEIGHT AT .8R AND 
4.0 POUNDS T I P  WEIGHT. 
TOTAL SYSTEM WEIGHT 
HUB 222.2 LB 
3 BLADES 278.9 LB 
z m  - LB 
TABLE A2.4 .  HTR-XI715 WEIGHT SUMMARY FOR DESIGN 3 7  
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TORS I ON 
FLAP 
5 5 1  RPM, 9' COLLECTIVE 





A S  MANUFACTURED 
MODEL 2 2 2  @ 
@ REFERENCE - :OM 8-7040-1 . -729,  HTR-XV15 ROTOR SYSTEM 
DESIGN CRITERIA. 
@ WITH MINIMUM TIP WEISHT ( 2 . 6 9  LB) . 
a WITH 4 . 2  LBS AT . 8 R  AND 4 LBS AT T I P .  
TABLE A 2 . 5 .  COMPARISON OF Y - 7 1  NATURAL FREQUENCIES, 
5 5 1  RPM, 9' COLLECTIVE 
Y-71 NATURAL FREQUENCIES VS RPM AND 
COLLECTIVE PITCH 
COLLECTIVE PITCH 
I 2 S 0  I 4 0 I G O 0  I ROTOR 
DOMINANT MODE: Y - F W W I S E  
C - CHORDWISE 
T - TORSIONAL 
I 
TABLE A 2 . 6 .  Y-71 NATURAL FREQUENCIES VS RPh 2 E  COLLECTIVE 
PITCH - DESIGN 37 
1 RPM MOEE -
EFFECT OF T I P  WEIGHT AND TUNING WEIGHT AT .8R 
DESIGN 37 
5 5 1  RPM, 9' COLLECTIVE 
T I P  WEIGHT - LBS 
WE- 
I( TUNING WT. AT . 8 R  - LBS @ - 
1 4 . 2  5 . 2  
a TUNING WEIGHT AT . B Y  
@ T I P  WEIGHT = 4 LBS. 
@ BASELINE. 
= 4 . 2  LBS. 
TABLE A 2 . 7 .  EFFECT 3F T I P  WEIGHT AND TUNING WEIGHT AT .8R 















































































































 z I-' 0 I P P G, m 0 I I-' 
0 0 0 0 0 0 0 
ID Ul dl m N 4 
O O O T  X 81 - 3380d 1Y3nJIYLN?3 
t h e  hover f l i g h t  mode. The a l t e r n a t i n g  t o r s i o n a l  moment a t  
t h e  p i t c h  l i n k  a t tachment  was determined by m u l t i p l y i n g  t h e  
maximum measured p i t c h  l i n k  load  o f  - +1,000 pounds (Reference 
3 i n  S e c t i o n  5) and t h e  4-inch p i t c h  arm o f f s e t .  The spanwise 
d i s t r i b u t i o n  of  t o r s i o n a l  moment was o b t a i n e d  from Reference 
5 i n  S e c t i o n  5. 
The s t e a d y  des ign  moments a r e  r e p r e s e n t a t i v e  o f  t h e  s t e a d y  
l o a d s  a t  t h e  hover d e s i g n  c o n d i t i o n  (551 rpm and go c o l l e c t i v e  
p i t c h ) .  The s t e a d y  bending moments a t  12.4% R were ob ta ined  
from t h e  1/4 s c a l e  wind t u n n e l  model (Reference 6 i n  S e c t i o n  
5 ) .  The des ign  t o r s i o n a l  moments a r e  based on a  measured p i t c h  
l i n k  load of  -900 pounds (Reference 3 i n  S e c t i o n  5 f o r  551 rpm 
and 90 c o l l e c t i v e  p i t c h .  The spanwise d i s t r i b u t i o n  was ca lcu-  
l a t e d  us ing  t h e  methodology con ta ined  i n  Reference 5  i n  
Sec t ion  5. 
F igu re  A2.10 p r e s e n t s  t h e  des ign  CF d i s t r i b u t i o n  a t  551 rpm. 
The weight  d i s t r i b u t i o n  was composed of  t w o  p a r t s .  From 45%R 
t o  t h e  t i p  t h e  weight  of  t h e  Model 222 " a s  manufactured" b l ade  
was used. Th i s  d i s t r i b u t i o n  a l s o  i n c l u d e s  p rov i s ions  f o r  4 
pounds o f  t i p  weights  and 4.2 pounds of  t un ing  weights  a t  80%R. 
From 7.1%R, t h e  b l ade  a t tachment  j o i n t ,  t o  30%R t h e  weight  
d i s t r i b u t i o n  of  Design 31 was used. 
Fa t igue  Analysis :  Using t h e  des ign  l o a d s  from S e c t i o n  4.0 
a f a t i g u e  a n a l y s i s  of t h e  Design 37 r o o t  end was performed. 
The d e t a i l s  a r e  p re sen ted  on t h e  fo l lowing  pages.  The t e n s i o n  
f a t i g u e  a l l owab le s  a r e  shown i n  F igure  A 2 . i l .  
FATIGUE STRAIN ANALYSIS 
OF FIBERGLASS AT r/R = . 0 7 1  
3 . 5  INCH PIN SPACING 
PIN O.D. = 1 . 8 5 "  + . 0 1 "  FRETTING PROTECTION 
SLEEVE THICKNSSS = . 1 "  + . 0 1 "  ADHESIVE 
SPAR THICKNESS = 4 . 3 3 "  (INCLUDES .O4 " FIBERGLIDE) 
PACK HEIGHT = 1.65" 
OTW: .036" + 45'  SP250 /SF1  
. 1 1 "  45'  GXFHITE 
.C36" 7 45' S P 2 5 0 / S F l  
UNI: . E 1 2 "  - 0' S P 2 5 0 / S F l  




STRESS CCNCENTRATION ON UNI FIBERGLASS 
LOAD/LOOP (LOADS REFERENCE FIGURES 
6 1 6 0  2 3 2 5 0 0  
P ~ F  = = 1 , 3 4 7  + 7 , 1 0 8  LBS 
4 ( l i 6 '  + . 0 3 6  + . 2 8 2 )  - 
Pk = 8200 ' 6 3 3 0 0  = 1 , 1 7 1  + 9 , 0 4 3  LBS ( 2 )  ( 3 . 5 )  - 
HTR-XV15 
-
FATIGUE STRAIN ANALYSIS 
OF ROOT END 
- 
DESIGN 37 
LOADS ARE FROM FIGURES 5, 6 m~ 7 
.. . 
DIMENSIONS ARE FROM SK-27253.. 
THE CHECK POINT AT EACH STATION IS FOR THE MAXIMUM ALT. STRAIN. 
ALLOWABLES ARE FROM FIGUP3 8 
1) r/R = .l, STATION 15.6 
M.S. - 2780 - --1 = 1478 +. 88 -
 
2) r/R = .15, STATION 23.4 
2390 M.S. = --1 = +.lo a&!! -7 
3) r/R= .20, STATION 31.2 
M.S. - 2230 -1 = +.03 
2156 - 
4) r/R = .25, STATION 39 
M.S. - 2070 - --1 = +.01 
. 2058 -
5 )  r/R = . 3 ,  STATION 46.8 

D210-11360-1 
A l l  t h e  margins of s a f e t y  a t  t h e  check s t a t i o n s  a r e  p o s i t i v e  
excep t  f o r  S t a t i o n  4 6 . 8  which i s  -.04. Thi s  r e s u l t e d  because 
of a  l a t e  r e v i s i o n  t o  t h e  s t e a d y  chord moment d i s t r i b u t i o n .  
A one o r  two p l y  a d d i t i o n  of  u n i - d i r e c t i o n a l  m a t e r i a l  a t  t h i s  
s t a t i o n  w i l l  remove t h e  n e g a t i v e  margin.  The added m a t e r i a l  
w i l l  have a  sma l l  e f f e c t  on t h e  b l ade  f requency and 
weight .  
The f a t i g u e  a n a l y s l s  does  n o t  i n c l u d e  t h e  e f f e c t  of s h e a r  
s t r a i n s .  A check of  s h e a r  s t r a i n s  was made on Design 31 a t  
.2R and .25R. The s h e a r  s t r a i n s  lowered t h e  margin by on ly  
1%. A s  a  r e s u l t ,  t h e y  were n o t  i nc luded  i n  subsequent  
i t e r a t i o n s .  
Mission P r o f i l e  and Fa t igue  L i f e :  A miss ion  p r o f i l e  has  
been developed f o r  t h e  HTR XV-15 based on t h e  XV-15 B e l l  
f l i g h t  spectrum (Reference B e l l  Document 301-199-003). The 
miss ion  p r o f i l e  i s  p re sen t ed  on Table  A2.8, a long wi th  t h e  
a l t e r n a t i n g  r e s u l t a n t  moments a t  .125R f o r  each  c o n d i t i o n .  
There a r e  c e r t a i n  c o n d i t i o n s  i n  t h e  p r o f i l e  f o r  which mcments 
have r.ot been d e f i n e d ,  b u t  t hey  comprise on ly  5.315% of t h e  
t o t a l  t i m e .  These c o n d i t i o n s  a r e  c l imb and d e s c e n t s  i n  c r u i s e ,  
d i v e  t o  V c  and recovery  i n  c r u i s e ,  power t r a n s i t i o n s  and au to-  
r o t a t i o n .  The l v a d s  f o r  t h e s e  c o n d i t i o n s  should  be develo?ed 
i n  t h e  d e t a i l e d  d e s i g n  phase.  
Based on t h e  l oads  i n  t h e  miss ion  p r o f i l e ,  l i f e  c a l c u l a t i o n s  
have been made f o r  t h e  b l ade  r o o t  end and hub. Table  A 2 . 9  
? r e s e n t s  t h e  d e t a i l s .  The c a l c u l a t e d  l i f e  of t h e  b l ade  r o o t  
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end is 17,334 hours, while the hub has a life of 111,524 
hours. These lives satisfy the objective of this preliminary 
design (Reference Section 4.0). It should be noted that these 
lives do not include the missing flight conditions mentioned 
above or the ground-air-ground damage that could occur. These 
items should be included in the detailed design phase. 
HTR-XV15 M I S S I O N  P R O F I L E  
I GROUND T A X I  MANEU'JERS - 131000 POUNDS GW, 7.3% TOTAL T I M E  
A. ENGME/RDTOR START AND SHUT DOWN 
CYCLES/ + RESULTANT 
RPM % TIME 1000 HRS M O ~ N T  AT . l25R 
- 
150 1.16 .lo00 x lo6 5600 
2 80 1.16 .I949 x lo6 26900 
320 1.16 .2227 x lo6 13600 
4 00 1.16 .2784 x lo6 11600 
550 1.16 .3828 x lo6 i2500 
B. GROUND T A X I  551 1.5 ,496 x lo6 24200 
1 FLIGHT - 39.4% TOT= TIME 
A. TAKEOFF & LANDING 
GROSS CYCLES/ + RESULTANT 
C.G. - WEIGHT % TI.% 1000 HRS M&NT AT .125R 
A f t  10500 . 2  .0661 x lo6 6400 
A f t  13000 .8 .2645 x lo6 6400 
A f t  15500 .2 .0661 x lo6 6500 
Fwd 10500 .2 .0661 x lo6 19709 
Fwd 13000 .8 .2645 x lo6 24200 
Fwd 155 00 .2 .0661 x lo6 27800 
B. STEADY HOVER Aft 10500 .5 .I653 x lo6 4500 
I G E  & OGE A f t  13000 2.0 .6612 x lo6 4500 
A f t  15500 . S  ,1653 x lo6 4500 
Fwd 10500 .5 .1653 x lo6 22600 
Fwd 13000 2.0 .5612 x lo6 28000 
Fwd 15500 .5 .I653 x lo6 33400 
C. HOVERING % 
MANEWERS CONTROL 
-- 
TAL LE A2.8. HTR-XV-15 MISSION PROFILE 
A I I - I 7  
HTR-XV15 MISSION PROFILE (CONTINUED) 
D. LEVEL FLIGHT, 13,000 POUNDS GW, FORDWARD 6 AFT C . G .  1 
+ RESULTANT . . 
CYCLES/ MO%NT AT . l 2 5  R 
$ T I M E  1000 HRS AFTCG FWD CG 
E. TURNS, 13,000 POUNDS GW, FORWARD & AFT C.G. 1 
PULLUPS, 13,000 POUNDS GI, .AFT CG 
G. ACCELERATIONS, 13,000 P~JUNDS GW, HOVER Ti; ,-C ; ( . I + -  .:C!YEP TCI 90 
KTS 
-- -- 
TABLE A 2 . 8 .  FTR-XV-15 MISSION PROFILE (CONTINUED) 
A I I - 4 8  
HTR-XV15 MISSION - PROFILE (CONTINUED) 
A -  DECELERATIONS, 13,000 POUNDS GW, 3 5  KTS T3 H3VER, 90 KTS TO 
HOVER + RESULTANT 
CYCLES/ MO&NT AT .I25 R 
%TS b TIME 1000 HPS =T CG 22 - FWD CG 
I. SIDEWARD & m A R D  FLIGHT 
J. CLIME IN HOVE*, MAXIMGM LOAD AT FORWARD C . G .  
GROSS 
WEIGHT 
TABLE A 2 . 8 .  HTR-XV- 15 MISS ION PROFILE (COVTINUED)  
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D 2 1 0 - 1 1 3 6 0 - 1  
HTR-XV15 MISSION PROFILE (CONTINUED) 
111 CONVERSJON - 1 3 , 0 0 0  POUNDS GW, 9 ,309 TWi*U TIME 
A. LEVEL FLIGHT, FORWARD AND AFT C . G .  
+ RESULTANT 
CYCLTS/ M O ~ N T A T  . 1 2 5  H 
V~~~ - --  YO b TIYE 1 0 0 0  HRS AFT CG FWD CG 
- -.- .- 
8. TURNS, 01--65' 2 ,  FORWARD & AFT C.G. 
- -- 
C .  CLIMBS, 0++-45PO FT/IYIN , AFT CG 
D. DESCENTS, AFI LG 
TABLE A2.8 .  HTR XV-15 1,I'ISSION PROFILE cC'3NTINiiED) 
A I I - 5 0  
HTR-XV15 MISSION PROFILE (CONTINUED) 
AIRPLANE FLIGHT - 1 3 , 0 0 0  POUNDS GW, 43% . -. TOTAL TIME 
LEVEL FLIGHT , FORWARD AND AFT C.G. 
% TIME 
1 . 7  
1 . 7  
1 . 7  
1 . 7  
3 .4  
3 .4  
3 .4  
2 .55  
2 .55  
2 .55  
2 .55  
1 . 3 6  
1 . 3 6  
1 . 3 6  
1 . 3 6  
1 . 3 6  
CYCLES/ 
1000  HRS 
+ RESULTANT 
MO~ENT AT - 1 2 5  R 
AFT CG FWD CG 
8300 10000 
26500 24500 
7800 17500  
10500 3700 
14000 15000  
12000  26500 
10000  30000 
1 0 0 0  10700  
15500  12000  
15000  22000 
11800 26800 
20000 12500 
16500  20000 
13300  24500 
11300  27000 
10000 30000 
B .  TURNS, 0 60° , FORWARD AND AFT C . G .  
D.  PUSHOVERS 
TABLE A 2 . 8 .  HTR-XV-15 MISSION PROFILE (CONTINUED) 
HTR-XV15 MISSION PROF1 LE (CONTINUED) 
+ RESULTANT 
CYCLES/ M O ~ N T  AT , 1 2 5  R . 
%TS ALT. g's- - % TIME 1 0 0 0  HRS AFT CG FWD CG 
E. ACCELERATIONS 
F. ACCELERATIONS 
1 1/2 TIME AT FO2WARD C.G. AND 1 / 2  TIME AT AFT C.G. 
2 YLAXIMUM ALTITCDE LOADS SELECTED OVER RANGE OF BANK ANGLES OR 
RATES OF CLIMB/DESCENT, POWER LIMIT AND W I N G  STALL ARF: 
BOUNDARIES . 
3 MAXIMUM ALTITUDE LOADS SELECTED OVER RANGE OF BANK ANGLES. WING 
STALL I S  A BOUNDARY. 
TABLE A 2 . 8 .  HTR-XV-15 MISSION PROFILE (CONTINUED) 
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HTR XV-15: L I F E  CALCULATIONS FOR DESIGN 37  
BLADE & HUB 
1. DAMAGE I S  CALCULATED BASED ON LOADS FROM THE MISSION PROFILE AT 
.125  R. 
2. THE DESIGN E.L.  AT - 1 2 5  R ARE + 64 ,800  IN.-LBS. RESULTANT MCMEN'I' 
FOR THE HUB AND + 46.500  I N . - L ~ S  GSULTANT MOMENT FOR THE ROOT 
END. 







80  KT TURN 
45O 
60° 
80 KT PULLUl 




75' iN TURN 
80K 
1 2  OK 
60° i~ TURN 
90K 
l l O K  

























BLADE L I F E  = loo O HRS = 1 7  , 3 3  4 HOURS 
.057690 
HUB L I F E  = l r G ' O O  mS = 1 1 1 , 5 2 4  HRS 
.008967 
HUB I 
TABLE A2.9. L I F E  CALCULATIONS FOR DESIGN 37 BLADE & HUB 
TRANS IT ION 
15'  iN TURN, 
160  KT 
1 . 2  x 1 0  .008967 
8 
10760  67200 1 .037  
APPENDIX I11 
XV-15 FLY-BY-WIRE PRELIMINARY DEVELOPIENT SPECIFICATION 
- 
The fo l lowing  i s  t h e  P re l imina ry  Development S p e c i f i c a t i o n  used 
t o  s o l i c i t  vendor t e c h n i c a l  and budgetary c ~ s t  responses  f o r  
t h e  development of t h e  fly-by-wire f l i g h t  c o n t r o l  system f o r  
t h e  XV-15. I t  was r e l e a s e d  t o  vendors a s  Boeing V e r t o l  
Document D210-11256-1. 
The F l i g h t  Cont ro l  System comprises t h e  Primary F l i g h t  Con t ro l s  
System (PFCS) and t h e  S t a b i l i t y  and Cont ro l  Augmentation System 
(SCAS) . 
For the purpose of  d e f i n i t i o n  f o r  t h i s  document, t h e  primary 
f l i g h t  c o n t r o l  system i s  cons idered  t o  i nc lude  t h e  c o n t r o l  
t r a n s d u c e r s ,  e l e c t r o n i c s ,  r o t o r  a c t u a t o r s ,  a i r p l a n e  s u r f a c e  
a c t u a t o r s ,  and c o n t r o l  pane l s .  The SCAS is  cons ide red  t o  
i nc lude  t h e  SCAS senso r s  and t h e  SCAS e l e c t r o n i c s .  This  
document c o n t a i n s  o r  r e f e r e n c e s  a l l  necessary  s p e c i f i c a t i o n s  
and/or c h a r a c t e r i s t i c s  germane t o  t h e  f l i g h t  c o n t r o l  system 
des ign  intended t o  be used i n  modifying t h e  XV-15 a i r c r s  t o  
a  h i n g e l e s s  r o t o r  c o n f i g u r a t i o n .  
S ince  a  t i l t - r o t o r  a i r c r a f t  w i l l  o p e r a t e  a s  a fixed-wing 
a i r c r a f t ,  rotary-wing a i r c r a f t ,  a s  w e l l  a s  combinations t h e r e o f ,  
it does n o t  conform e n t i r e l y  t o  any o f  t h e  t y p e s  of  a i r c r a f t  
d e f i n e d  i n  c u r r e n t  s p e c i f i c a t i o n s .  The re fo re ,  t h e  b a s i c  
des ign  c r i t e r i a  p resen ted  h e r e i n  w i l l  r e f l e c t  c o n s i d e r a t i o n s  
unique t o  tilt p rop / ro to r  o p e r a t i o n s .  Reference i s  made t o  
FAR XX and a p p l i c a b l e  equipment s p e c i f i c a t i o n s .  
A I I I - 1  
FLIGHT CONTROL SYSTEM REQUIREIIENTS 
1.0 SYSTEM DEFINITIGN 
The PE'CS s h a l l  provide f o r  direc,: p i l o t  c c n t r o l  of t h e  tilt- 
r o t o r  a i r c r a f t  by c o n t r o l  of r o t o r  blade p i t c h  v i a  swashplates ,  
a i r p l a n e  su r faces ,  and engine performance. The system s h a l l  
modify p i l o t  c o n t r o l  inpu t s  a s  a  funct ion  of n a c e l l e  incidence 
angle and r o t o r  speed. The PFCS s h a l l  accept  inpu t s  from t h e  
SCAS f o r  a i r c r a f t  s t a b i l i t y  and maneuver enhancement. The 
SCAS s h a l l  provide r a t e  and a t t i t u d e  s t a b i l i z a t i o n  i n  p i t c h ,  
r o l l  and yaw, and provide g u s t  a l l e v i a t i o n  s i g n a l s  t o  PFCS. 
2 . 0  PFCS DESCRIPTION 
P i l o t  input  s h a l l  be v i a  conventioaal  dua l  mechanically 
synchronized c o n t r o l s  comprising a l o n g i t u d i n a l / l a t e r a l  
c o n t r o l  s t i c k ,  d i r e c t i o n a l  peda l s ,  and an engine t h r o t t l e  
c o n t r o l .  S ignals  propor t ional  t o  c o n t r o l  p o s i t i o n  s h a l l  be 
generated by l i n e a r  o r  r o t a r y  t ransducers  connected t o  each 
con t ro l .  The p o s i t i o n  s i g n a l s  s h a l l  be process i n  t h e  
.cont ro l  u n i t  t o  genera te  commands f o r  the  r o t o r  c o n t r o l  
ac tu ' to r s  ( 3  per  r o t o r ) ,  t h e  f laperon a c t u a t o r s  (one each 
s i d e ) ,  =he rudder a c t u a t o r ,  e l e v a t o r  a c t u a t o r ,  and engine N1 
+ c o n t r o l  a c t u a t o r s  (Figure A3.1). 
2 . 1  SYSTEM FUNCTIONS 
Major system funct ions s h a l l  be a s  shown i n  Figure A 3 . 2  and 















































































































































































































































































































































































































































































































Motion Sens ing .  The c o n t r o l  p o s i t i o n  t r a n s d u c e r s  s h a l l  
c o n v e r t  p i l o t  s t i c k  and peda l  motions t o  e q u i v a l e n t  
e l e c t r i c a l  s i g n a l s  f o r  i n p u t  t o  t h e  demodulator c i r c u i t r y .  
S i g n a l  Condi t ion ing .  The c o n t r o l  u n i t  s h a l l  conve r t  t h e  
t r a n s d u c e r  s i g n a l s  t o  t h e  a p p r o p r i a t e  form f o r  t r a n s f e r  
t o  t h e  mixing c u r c u i t r y  and t o  t h e  SCAS. 
SCAS I n t e r f a c e .  The c o n t r o l  u n i t  s h a l l  a ccep t  SCAS 
commands v i a  a u t h o r i t y  and r a t e  l i m i t  *letworks. The 
l i m i t e d  s i g n a l s  s h a l l  be summed w i t h  t h e  demodulated 
c o n t r o l  p o s i t i o n  s i g n a l s  b e f o r e  mixing.  
Gain Schedul ing.  Axis command s i g n a l s  (summation of p i l o t  
c o n t o l  and SCAS command) s h a l l  he scheduled a s  a  f u n c t i o n  
of n a c e l l e  ang le .  I n  g e n e r a l ,  p i l o t  i n p u t s  t o  t h e  r o t o r  
a r e  phased o u t  a s  t h e  n a c e l l e  i s  brought  t o  t h e  h o r i z o n t a l  
p o s i t i o n  ( z e r o  deg rees )  . 
Thrus t  Management. S h a l l  c o n t r o l  eng ine  performance 
through engine  N1 c o n t r o l s  and r o t o r  c o l l e c t i v e  p i t c h  i n  
response  t o  p i l o t  t h r o t t l e  s e t t i n g  r o t o r  rpm ar.d manual 
t r i m  i n p u t s  t o  va ry  rpm and d i f f e r e n t i a l  c o l l e c t i v e  p i t c h .  
Direct p i l o t  c o n t r o l  of c o l l e c t i v e  p i t c h  i s  phased o u t  a t  
z e r o  deg rees  n a c e l l e  i nc idence .  
A i rp l ane  Su r f ace  Cont ro l .  Axis commands s h a l l  be processed  
v i a  a p p r o p r i a t e  g a i n s  and a c t u a t i o n  t o  p o s i t i o n  t h e  f l a p -  
e r o n s ,  r udde r ,  and e l e v a t o r .  
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g. Mixinp. The c o n t r o l  u n i t  s h a l l  mix scheduled a x i s  
commands and governor o u t p u t s  v i a  a p p r o p r i a t e  g a i n s  t o  
p o s i t i o n  t h e  r o t o r  c o n t r o l  a c t u a t o r s .  
h. Servo Loop Closure .  The c o n t r o l  u n i t  s h a l l  inc1ue.e t h e  
e l e c t r o n i c s  t o  c o n t r o l  r o t o r ,  a i r p l a n e  s u r f a c e ,  and engine  
c o n t r o l  a c t u a t o r s .  
i. Rotor Actua t ion .  The r o t o r  c o n t r o l  a c t u a t o r  s h a l l  conve r t  
t h e  mixer o u t p u t s  t o  e q u i v a l e n t  r o t o r  swashpla te  motion.  
j. Power Conversion.  The c o n t r o l  u n i t  s h a l l  conve r t  t h e  28VDC 
supply t o  AC f o r  s e n s o r  e x c i t a t i o n  and DC s u p p l i e s  a s  needed 
t o  o p e r a t e  e l e c t r o n i c  d e v i c e s  used i n  t h e  system. 
k. F a i l u r e  Detec t ion .  Each c o n t r o l  u n i t  s h a l l  p r a c e s s  a l l  
f a i l u r e  d e t e c t i o n  w i t h i n  i ts  channel  and, upon d e t e c t i n g  
a  f a i l u r e ,  s h u t  down t h e  channel  i n p u t s  t o  t h e  a f f e c t e d  
a c t u a t o r s ,  and t r a n s m i t  f a i l u r e  in format ion  t o  t h e  PFCS/ 
maintenance pane l s .  
1. PFCS Panel/Maintenance Unit .  S h a l l  p rovide  p i l o t  i n p u t ,  
moni tor ing ,  d i s p l a y ,  and t e s t  c a p a b i l i t y  t o :  
- S e t  r o t o r  rpm v a r i a t i o n  r e l a t i v e  t o  f i x e d  schedule .  
- Adjus t  r o t o r  t o rque  ba lance  by manual i n p u t  t o  
d i f f e r e n t i a l  c o l l e c t i v e  p i t c h .  
- Determine t h e  ope rab le  p a t h s  w i t h i n  t h e  system. 
- Provide l o g i c  t o  d r i v e  a i r c r a f t  cau t ion /adv i so ry  pane l .  
- Reset f a i l e d  channels  w i t h i n  t h e  system ( i f  f a i l u r e  
has  c l e a r e d )  . 
- Conduct GO/NO GO ground t e s t s  on each channel  of t h e  
s y s  tem. 
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rn. F a u l t  I s o l a t i o n .  The main tenance  u n i t  s h a l l  p r o v i d e  
r e a d o u t s  t o  i n d i c a t e  l o c a t i o n  of  sys tem f a i l u r e  t o  a s s i s t  
i n  i s o l a t i o n  of f a u l t s  t o  a  l i n e  r e p l a c e a b l e  u n i t .  
2 . 2  NAJOR COMPONENT RESPONSIBILITIES 
The f o l l o w i n g  r e g r o u p i n g  of  PFCS f u n c t i o n s  by major  
component. 
a .  C o n t r o l  P o s i t i o n  T r a n s d u c e r s  
- Motion s e n s i n g  
b .  C o n t r o l  Uni t  
- S i g n a l  c o n d i t i o n i n g  and b u f f e r i n g  
- SCAS i n t e r f a c e  
- Gain s c h e d u l i n g  
- T h r u s t  Management 
- Mixing 
- S e r v o  l o o p  c l o s w e  
- Power c m v e r s i o n  
- f a l l u r e  d e t e c t i o n  
c. Rotor C o n t r o l  A c t u a t o r  
- Rotor  s w a s h p l a t e  a c t u a t i o n  
d .  A i r p l a n e  S u r f a c e  A c t u a t o r s  
- F l a p e r o n  a c t u a t i o n  
- Rudder a c t u a t i o n  
- E l e v a t o r  a c t u a t i o n  

D210-11360-1 
g. Engine. This is the mechanical interface of the linkage 
controlling N1 control inputs. 
h. Electrical Power Supplies. This is the electrical inter- 
face with the 28VDC electrical power supply. 
i. Hydraulic Power Supply. This is the mechanical interface 
with the rotor and airplane surface control actuators. 
2.4 REDUNDANCY MANAGEMENT 
In order to meet the reliability goals specified therein, the 
PFCS shall be at least single-fail operative, which is defined 
to mean that the system shall withstand any one failure in the 
system. 
Failure detection logic shall be dualized where necessary to 
meet reliability goals. Dual logic shall be used to drive 
dual-failure warning circuits. 
Details on mechanization of the redundancy managerten?. shall be 
as specified in Paragraph 5.0, "Major Component Characteristics". 
2.5 FAILURE DETECTION 
The PFCS shall have a self-contained capability for ground 
checkout . 
Each channel shall identify in-flight failures independently 
and furnish signals to the control logic and panels for 
appropriate system corrective action and crew notification. 
Details of failure detection shall be as specified in Para- 
graph 5.0, "Major Component Characteristics and Requirements". 
3.0 SYSTEM CHARACTERISTICS 
3 .1  SYSTEM PERFORMANCE . 
3.1.1  Gains ,  Schedules ,  T r a n s f e r  Func t ions .  S h a l l  be a s  
d e f i n e d  i n  S e c t i o c  5.0 of t h i s  appendik.  
3.1.2 Accuracy. The system e l e c t r o n i c s  s u p p l i e r  s h a l l  be 
r e s p o n s i b l e  f o r  a n a l y s i s  and c o n t r o l  of system t o l e r a n c e s  
s o  t h a t  t h e  o v e r a l l  system ( p i l o t  r O l n t r o l  t o  c o n t r o l  a c tua -  
t o r )  accuracy t o l e r a n c e s  a r e  main ta ined .  To t h i s  end ,  t h e  
system e l e c t r o n i c  s u p p l i e r  w i l l  s uppor t  d e f i n i t i o n  of c o n t r o l  
p o s i t i o n  t r a n s d u c e r  (CPT) and a c t u a t o r  performance . 
a .  S t a t i c  Gain Accuracy. The average q a i n  fol  a l l  c o n t r o l  
u n i t s  s h a l l  be w i t h i n  2 %  of t h e  v a l u e s  s p e c i f i e d  i n  S e c t i o n  
5.0,  t h e  r o t o r  speed c o n t r o l  loops  s h a l l  be w i t h l n  . 7 5 %  
of t h e  va lue  s p e c i f i e d .  The s t a t i c  g a i n  of i n d i v i d u a l  c o n t r o l  
u n i t s  s h a l l  be w i t h i n  1 .5% of t h e  average .  For a  g iven  c o n t r o l  
i n p u t ,  t h e  accuracy is d e f i n e d  a s  t h e  percen tage  d i f f e r e n c e  
between t h e  d e s i r e d  a c t u a t o r  p o s i t i o n  and t h e  a c t u a l  a c t u a t o r  
p o s i t i o n .  These a c c u r a c i e s  i n c l u d e  schedule  a c c u r a c i e s .  
b. System Nu l l .  The t o t a l  s t e a d y  s t a t e  n u l l  a s s o c i a t e d  w i t h  
t h e  PFCS ( senso r  t o  a c t u a t o r )  s h a l l  no t  exceed .020 i n  a c t u a t o r .  
c. Resolut ion.  Reso lu t ion  is d e f i n e d  a s  t h e  minimw change 
i n  c o n t r o l  r e q u i r e d  t o  o b t a i n  a c t u a t o r  motion. The r e s o l u t i o n  
(equated i n  . a c t u a t o r  motion) s h a l l  no t  exceed .002 inch  r o t o r  
a c t u a t o r ,  o r  a i r p l a n e  s u r f a c e  a c t u a t o r .  
d.  System H y s t e r e s i s .  H y s t e r e s i s  w i t h i n  t h e  PFCS s h a l l  n o t  
exceed .004 inch  x t u a t o r  f o r  r o t o r  c o n t r o l  o r  a i r p l a n e  s u r f a c e  
c o n t r o l  p a t h s .  
A I I I - 1 1  
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e. Cross Coupling. Full motion of any axls or combination 
of axes shall not require more than two percent of full 
control displacement (in axes not in motion) to com?ensate. 
3.1.3 Actnator Frequency Response 
a. Rotor Control Actuators. The rotor cor'rol actuator shall 
exhibit a second order response with a natural frequency of 
40 rad/sec and damping factor of .7. This response shall be 
achieved while driving a rotor load renresented as a second 
order resFonse with a natural frequency of 35 rad/sec and 
damping factor of .18. This response shall be achieved with a 
tensile or compressive load of 0 to 1700 pounds while not 
exceedinq velocity limit of 2.5 in./sec. Additional deviations 
from linear performance will be defined later. 
b. Airplane Surface Actuators. (To be defined il: follow-on pnase) . 
c. Enqine Control Actuators. (TO be defined in follow-on phase). 
3.1.4 Failure Detection and Effects. The PPCS shall include 
the following requirements relating to system failures and 
effects . 
a. Failure Tolerant Performance. The PFCS shall be designed 
so that the aircraft meets the failure tolerance performance 
of FAR XX .671, Subparagraph (c). 
b. Failure Detection and Isolation. Operation of the redun- 
dant channels shall be monitored to detect any failure or 
malfunction that could cause unsafe flight or system degra- 
dation requiring maintenance action. Unsafe flight is re- 
ferred as loss of control or degradation of control (transient 
or steady state) that jeopardizes the pilot's ability to abort 
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and land s a f e l y .  
A f t e r  th?  d e t e c t i o n  of f a i l u r e ,  t h e  f a i l e d  channel  s h a l l  be 
au toma t i ca l ly  i n h i b i t e d  from a f f e c t i n g  t h e  c o r r e c t l y  o p e r a t i n g  
channel  (s) . The d e t e c t i o n  and i s o l a t i o n  time s h a l l  be 
compat ible  w i t h  Paragraph 3.1 .3 .c .  
c. F a i l u r e  T r a n s i e n t s .  T r a n s i e n t s  fo l lowing  f i r s t  and second 
f a i l u r e s  w i t h i n  t h e  PFCS s h a l l  n o t  exceed t h e  l i m i t s  shown i n  
Table A3.1. F a i l u r e  t r a n s i e n t s  s h a l l  be d e f i n e d  by F igu re  A 3 . 3 .  
L i m i t s  de f ined  do n o t  t a k e  i n t o  account  c o r r e c t i v e  a c t i o n  
supp l i ed  by SCAS. 
d .  F a i l u r e  Detec t ion  Threshold.  The f a i l u r e  d e t e c t i o n  t h r e s -  
hold must be set  low enough t o  d e t e c t  p a s s i v e  f a i l u r e s  w i t h  
normal system d i s t u r b a n c e s ,  d e t e c t  v a l i d  f a i l u r e s ,  and mini-  
mize f a i l u r e  t r a n s i e n t s .  The t h r e s h o l d  must be h igh  enouqh 
t o  minimize nu isance  t r i p s  due t o  normal channel  t o l e r a n c e s  
- - 
and t r a n s i e n t s .  
t e. Redundancy of Monitoring and Cor rec t ion  C i r c u i t r y .  The 
d e t e c t i o n ,  l o g i c ,  and swi tch ing  c i r c u i t r y  r e l i a b i l i t y  s h a l l  
be included i n  t h e  channel  r e l i a b i l i t y  requirements .  The 
f a i l u r e  o r  mal func t ion  of t h e  l o g i c  and swi tch ing  c i r c u i t r y  
s h a l l  be i n t e r p r e t e d  a s  a  channel  f a i l u r e .  
3.2 SYSTEM PSYSICAL CHARACTERISTICS 
3 . 2 . 1  Cont ro l  Device and System Loads 
a .  Cont ro l  System Loads. The PFCS s h a l l  be designed t o  meet 
a p p l i c a b l e  p o r t i o n s  of FAR XX .395 ( cons ide r ing  t h e r e  i s  no 
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a = maximum allowable steady s t a t e  actuator posit ion o f f s e t  
from conunanded pos i t  ion 
= actuator travel  due to  fa i lure  a t  t h e  t 
to = time delay 
t, = time when posit ion o f f s e t  from commanded input has been 
reduced t o  the maximum allowable steady s t a t e  posit ion 
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c o n t r o l  and t h e  ou tpu t  a c t u a t o r )  . 
b .  L i m i t  P i l o t  Forces .  The PFCS c o c k p i t  c o n t r o l s  s h a l l  be 
designed t o  w i th s t and  t h e  l oads  de f ined  i n  FAR XX . 3 9 7 .  The 
e x j r ; t i n g  XV-15 c o n t r o l s  w i l l  be adapted.  
c .  Dual Cont ro l  System. The PFCS cockp i t  c o n t r o l s  s h a l l  be 
dc.;igned t o  meet requi rements  of FAR XX .415. 
3 . 2 . 2  System Packaginq.  PFCS components s h a l l  be packaged 
s o  t h a t  each channel  i s  s e p a r a t e l y  con ta ined .  System pane l s  
arc an except ion  t o  t h i s  requi rement .  
Actua tor  s e c t i o n s  s h a l l  be s e p a r a t e d  w i th  r e s p e c t  t o  h y d r a u l i c  
S U E ' P ~ Y .  
System e l e c t r o n i c  assembl ies  s h a l l  be designed t o  f a c i l i t a t e  
changes du r ing  t h e  development program. High d e n s i t y  
"produc t ion"  packaging i s  n o t  d e s i r e d .  
System component weigh ts  s h a l l  n o t  exceed v a l u e s  de f ined  below. 
I Cont ro l  Uni t  (w i th  Mountiog I 
COMPONENT 
I Base) I 100 
TOTAL WEIGHT 
PER AIRCRAFT (LBS) 
I Rotor Cont ro l  Actua tor  I 15 0  
Ai rp lane  Su r f ace  Actua tor  
PFCS 7' 'me1 
I M ~ i n t e n a n c e  Panel  I 4 i Engine Con t ro l  Actua tor  N~ I 12 
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3.3 RELIABILITY 
The primary flight control system, as defined in Figure A 3 . 1 ,  
including the path from transducer input to actuator output 
and power supplies, but excluding cockpit mechanical controls, 
shall exhibit a flight safety reliability of .9999999 for a 
two-hour mission. Flight safety reliability is defined as 
the probability that the system will maintain the transfer 
functions defined for the system. In general, loss of flight 
safety will result in loss of the aircraft. 
3.4 FWIRONMENTAL CONDITIONS 
3.4.1 Standard Condition. -.- The following conditions shall be 
used to establish normal performance characteristics under 
standard conditions for making laboratory bench tests. 
a. Temperature - room ambient 25 +5OC - (77OF +g°F). 
b. Altitude - normal ground. 
c. Humidity - room ambient up to 90% relative humidity. 
3.4,: Environmental Service. Components of the PFCS shall 
meet the requirements of this specification under che conditions 
listed in the following paragraphs. Electronic components 
shall be tested under the conditions defined in MIL-E-5400 for 
Class 1A equipment. Actuators shall be tested to the conditions 
specified. The equipment supplier shall submit a detailed 
procedure to be approved by Boeing. 
a. Altitude. Operation without degradation of perfornance 
throughout a pressure altitude range of -200 to +30,000 feet 
ASL per MIL-STD-810B. 
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b. Ambient Tempcrature. Operation throughout an ambient 
temperature range of -65O to +160°F. 
c. Temperature Shock. Sudden changes in temperature of the 
surrounding atmosphere per MIL-STD-81OB. 
d. Humidity. Operation in a warm,  highly humid atmosphere 
such as encountered in tropical areas per MIL-STD-810B. 
e. Salt Fog. Operation is an atmosphere containing salt laden 
moisture per MIL-STD-810B. 
f. Rain. Operation in a rain environment per MIL-STD-810B. 
g. Sand and Dust. Operation in a dust (fine sand) laden 
atmosphere per MIL-STD-810B. 
h. Immersion (for hydraulic actuators only). Operation after 
immersion in hydraulic fluid at a temperature of +27S°F per 
MIL-C-5503. 
i. Vibration. Operation during exposure to dynamic vibration 
stresses represented by those tests of MIL-STD-810B, Method 
514.1, Procedure I, Part I, Equipment Category (A )  to include: 
a Resonance search 
e Resonance dwell 
Cycling 
j .  Mechanical Shock. Operation after exposure to a mechanical 
shock environment similar to that expected in handling, 
transportation, >-id service use per MIL-STD-810B. 
k. Electromagnetic Interference. Meeting per MIL-STD-461A. 
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4.0 DESIGN AND CONSTRUCTION 
E l e c t r i c a l  equipment s h a l l  conform w i t h  a l l  a p p l i c a b l e  
requirements  of MIL-E-5400 f o r  d e s i g n , c o n s t r u c t i o n  and work- 
manship except  a s  modified h e r e i n .  Hydromechanical equipment 
s h a l l  conform t o  t h e  a p p l i c a b l e  requirements  of MIL-H-5440, 
MIL-C-5503, and MIL-H-8775. 
5.0 MAJOR COMPONENT CHARACTERISTICS AND REQUI-EMENTS 
5.1 DIRECT ELECTRICAL LINKAGE 
5.1.1  Subsystem Desc r ip t ion .  
(DELI comprises t h e  fo l lowing  
DEL Cont ro l  Uni t  - 
Contro l  Panel  - 
Maintenance Unit  - 
Contro l  P c s i t i o n  - 
Transducers  
E l e c t r i c a l  I n t e r -  - 
connec t ing  Cables 
Tne D i r e c t  E l e c t r i c a l  Linkage 
u n i t s  : 
Number of  i d e n t i c a l  u n i t s  p e r  
a i r c r a f t  is t h e  same a s  t ? e  
channel  redundancy l e v e  1 
1 p e r  a i r c r a f t  
1 pe r  a i r c r a f t  
4 p e r  channel  
To be supp l i ed  by Boeing V e r t o l  
The DEL r e p l a c e s  n o t  on ly  t h e  mechanical  c o n t r o l  l i n k a g e s  of  
t h e  XV-15 a i r c r a f t ,  bu t  a l s o  t h e  f i v e  SCAS a c t u a t o r s ,  t h e  two 
e x c i t e r  a c t u a t o r s ,  t h e  d i f f e r e n t i a l  c y c l i c  washout a c t u a t o r ,  
and t h e  d i f f e r e n t i a l  c o l l e c t i v e  t r i m  a c t u a t o r .  
5.1.1.1 DEL Contro l  Uni t .  The. DEL c o n t r o l  u n i t  s y n t h e s i z e s  
t h e  fo l lowing  major f l i g h t  c o n t r o l  f u n c t i o n s .  The DEL c o n t r o l  
u n i t  t r a n s l a t e s  t h e  c o c k p i t  c o n t r o l  motions and t h e  S t a b i l i t y  
and Cont ro l  Augmentation (SCAS) s i g n a l s  i n t o  t h e  a p p r o p r i a t e  
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a c t u a t o r  c o n t r o l  s i g n a l  i n p u t s  t o  p rov ide  manual and i .u tomat ic  
f l i g h t  co r , t r o l .  F igu re s  A3.4, A3.5, A 3 . 6  and A3.7 prov i -2  
t h e  f u n c t i o n a l  diagrams of t h e  r e q u i r e d  c o n t r o l  dynamics. 
Letters i n  c i r c l e s  a d j a c e n t  t o  p r o t i o n s  of t h e  diagrams c r o s s  
r e f e r e n c e  t o  t h e  schedule  c a l l o u t s  i n  Report CR-151.950, 
Appendix F. 
5 .1 .1 .1 .1  Transducer  S i g n a l  Condi t ion ing .  The i n p u t  s i g n a l s  
from t h e  c o n t r o l  p o s i t i o n  t r a n s d u c e r s  (CPTs) , t h e  n a c e l l e  
i nc idence  t r a n s d u c e r s ,  and t h e  r o t o r  speed t r a n s d u c e r s  s h a l l  
be b u f f e r e d  and s u i t a b l y  processed  t o  t h e  form and s c a l i n g  
r e q u i r e d  by t h e  ensu ing  f l i g h t  c o n t r o l  computat ions .  
5.1.1.1.2 SCAS I n t e r f a c e .  The i n p u t s  from t h e  d u a l  SCAS s h a l l  
be summed wi th  t h e  c o n t r o l  p o s i t i o n  z i a n a l s  a f t e r  p roces s ing  
through a u t h o r i t y  and r a t e  l i m i t i n g  network and i s o l a t i o n  
b u f f e r  c i r c u i t s  designed t o  p reven t  p ropaga t ion  of any SCAS 
f a i l u r e  t o  t h e  DEL. The i n p u t s  s h a l l  i n c l u d e  r a t e / a u t h o r i t y  
l i m i t  networks t o  l i m i t  r esponses  t o  SCAS i n p u t s .  
5 .1 .1 .1 .3  - Gain Schedul ing.  Axis command s i g n a l s  from t h e  
p i l o t  c o n t r o l s  and SCAS s h a l l  be scheduled a s  a  f u n c t i o n  of 
n a c e l l e  ang le  i n  accordance w i t h  t h e  t r a n s f e r  f u n c t i o n s  shown 
on F igu re s  A3.4 through A3.7. 
5 .1 .1 .1 .4  Thrus t  Manaqement System. Cont ro l  of eng ine  
performance and r o t o r s  c o l l e c t i v e  b l ade  p i t c h  s h a l l  be 
syn thes i zed  i n  accordance w i t h  t h e  t r a n s f e r  f u n c t i o n s  shown on 
F igu re  A3.7 .  

















































































































































5.1.1.1.5 Con t ro l s  Mixing and Limitin%. The scheduled a x r s  
commands and t h r u s t  management cornmaris t o  t h e  rotc.7- a c t u a t o r s  
s h a l l  be mixed v i a  a p p r o p r i a t e  q a i n s  and l i m i t e d  i n  accordance 
w i th  t h e  t r a n s f e r  diagram of F igu re  A3.6 t o  p o s i t i c n  t h e  r o t o r  
a c t u a t o r s .  
5.1.1.1.6 A i rg l ane  Su r f ace  Con t ro l s .  The schedule  a i r p l a n e  
s u r f a c e  c o n t r o l s  s h a l l  be  processed  v i a  a p p r o p r i a t e  g a i n s  i n  
accordeace w i th  t h e  t r a n s f e r  diagrams of F igu re  A3.5 t o  
p o s i t i o n  t h e  a c t u a t o r s  c o n t r o l l i n g  t h e  f l a p e r o n s ,  r udde r ,  and 
e l e v a t o r .  
5.1.1.1.7 Servo Loop Closure .  The c o n t r o l  u n i t  s h a l l  :?elude 
t h e  a c t u a t o r  s e r v o  loop c l o s u r e  e l e c t r o n i c s  t o  c o n t r o l  t h e  
r o t o r ,  a i r p l a n e  s u r f a c e ,  and engine  c o n t r o l  a c t u a t o r s .  
5.1.1.1.8 Power Conversion.  The e x t e r n a l l y  s u p p l i e d  power t o  
t h e  c o n t r o l  u n i t  s h a l l  be 28  VDC. A l i  o t h e r  v o l t a g e s  r e q u i r e d  
t o  power t h e  Direct E l e c t r i c a l  Linkage s h a l l  be gene ra t ed  
w i t h i n  t h e  c o n t r o l  u n i t .  
5.1.1.1.9 F a i l u r e  Detec t ion .  Each c o n t r o l  u n i t  s h a l l  p roces s  
a l l  f a i l u r e  d e t e c t i o n  w i t h i n  i t s  chann2l and upon d e t e c t i n g  
a  f a i l u r e ,  s h u t  down t h e  channel  i n p u t s  t o  t h e  a f f e c t e d  
a c t u a t o r s  and t r a n s m i t  f a i l u r e  i n fo rma t ion  t o  t h e  PFCS/main- 
tenance pane l s .  
5.1.1.2 Con t ro l  Pane l .  The c o n t r o l  pane! s h a l l  p rov ide  
rpm t r i m ,  d i f f e r e n t i a l  t o r q u e  t r i m ,  f a u l t  annunc ia t ion  and 
channel r e s e t  c a p a b i l i t y  f o r  t h e  p i l o t .  
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5 .1 .1 .3  Maintenance Uni t .  The mainteqance u n i t  s h a l l  p rov ide  
t h e  fo l lowing  f u n c t i o n s  i n  conjunc t ion  w i th  t h e  Bui l t - In -Tes t  
Equipment (BITE) . 
0 Determine t h e  ope rab l e  channe ls  w i t h i n  
t h e  system. 
0 Provide l o g i c  t o  d r i v e  a i r c r a f t  . cau t ion /  
adv isory  p a n e l ,  and c o n t r o l  pane l .  
0 Conduct GO/NO GO ground tes ts  on each 
channel  of t h e  system. 
Provide r eadou t s  t o  i n d i c a t e  l o c a t i o n  of 
system f a i l u r e  t o  a s s i s t  i n  i s o l a t i o n  of 
f a u l t s  t o  a  l i n e  r e p l a c e a b l e  u n i t .  
5.1.1.4 Cont ro l  P o s i t i o n  Transducers .  The c o n t r o l  p o s i t i o n  
t r ansduce r s  (CPTs) s h a l l  t r a n s l a t e  cockp ' t  c o n t r o l  motions 
i n t o  equ iva l en t  e l e c t r i c a l  s i g n a l s  which a r e  i n  t u r n  t r a n s -  
mi t t ed  t o  t h e  DEL c o n t r o l  u n i t .  The o p t i o n s  can be e x e r c i s e d  
t o  cons ide r  e i t h e r  l A n e a r  t ypes  o r  r o t a r y  t ypes  of t r a n s d u c e r s ,  
a l s o  t o  cons ider  e i t h e r  analog t y p e s  such a s  LVDT o r  RVDT o r  
d i g i t a l  t ypes  such a s  s h a f t  encoders .  The range  o r  s t r o k e  
of t h e  t r ansduce r s  i s  d i c t a t e d  by t h e i r  i n s t a l l a t i o n  conf ig-  
u r a t i o n .  
5.1.1.5 E l e c t r i c a l  I n t e r connec t ing  Cablos.  The e l e c t r i c a l  
i n t e r connec t ing  c a b l e  assemblies  s h a l l  he f i i g h t  c o n t r o l  
ded ica ted  and p r e f a b r i c a t e d  utilizing simple  mult i -conductor  
wires NIL-C-83723 s e l f - l o c k i n g  th readed  connec to r s ,  and 
app rop r i a t e  s t r a i n  r e l i e f .  The system c o n f i g u r a t i o n  s h a l l  
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be des igned  such a s  t o  u se  po in t - to -po in t  c a b l e s  t o  t h e  
e x t e n t  p o s s i b l e .  F igu re  A3.8 d e f i n e s  a  t e n t a t i v e  i n t e r -  
connect  f o r  a  s i n g l e  channel .  
5.1.1.6 I n t e r f a c e s .  The Direct E l e c t r i c a l  Linkage s h a l l  
i n t e r f a c e  w i t h  t h e  fo l lowing  equipment ana subsystems of t h e  
a i r c r a f t .  
a.  Cockpi t  Cont ro ls .  Th i s  i s  a  mechanical  i n t e r f a c e  of 
c o n t r o l  p o s i t i o n  t r a n s d u c e r s  w i th  t h e  c o c k p i t  c o n t r o l s .  The 
e x i s t i n g  XV-15 c o c k p i t  c o n t r o l s  w i l l  be r e t a i n e d .  The c o c k p i t  
c o n t r o l s  a r e  l o n g i t u d i n a l / l a t e r a l  s t i c k ,  t h e  d i r e c t i o n  p e d a l s ,  
and t h e  t h r o t t l e  l e v e r .  F igure  A3.1 shows t h e  DEL i n t e r f a c e  
wi th  t h e  c o c k p i t  c o n t r o l s .  
b. Actua tors .  Th i s  i s  an e l e c t r i c a l  i n t e r f a c e  wi th  t h e  c o n t r o l  
power a c t u a t o r s .  The  i n t e r f a c e  s h a l l  c o n s i s t  of t h e  a c t u a t o r  
command e r r o r  and t h e  a c t u a t o r  p o s i t i o n  e l e c t r i c a l  feedback.  
The fo l lowing  c o n t r o l  power a c t u a t o r s  s h a l l  be i n t e r f a c e d  
wi th  t h e  DEL. 
Rotor Swashplate Actua tors  - E l e c t r o h y d r a u l i c  
3 l e f t  r o t o r  
3 r i g h t  r o t o r  
Ai rp lane  Sur face  Actua tors  - E l e c t r o h y d r a u l i c  
Rudder 
Flaperon r i g h t  
Flaperon l e f t  
E l eva to r  

Engine N1 Actua tor  - Electromechanical  
Right  engine  
L e f t  engine  
c .  E l e c t r i c a l  Power Supply. This  is t h e  i n t e r f a c e  w i t h  t h e  
28  VDC supply.  The supply may vary  accord ing  t o  l i m i t s  
de f ined  i n  MIL-STD-704A, Category B. 
d .  - SCAS. This  is t h e  e l e c t r i c a l  s i g n a l  i n t e r f a c e  w i t h  t h e  
s t a b i l i t y  and c o n t r o l  augmentation system. 
e. Sensors  I n t e r f a c e .  Th i s  is t h e  e l e c t r i c a l  s i g n a l  i n t e r f a c e  
w i t h  t h e  n a c e l l e  i nc idence  s e n s o r s  and t h e  r o t o r  speed s e n s o r s .  
The n a c e l l e  inc idence  senso r  s h a l l  be a synchro provid ing  a 
s i g n a l  p r o p o r t i o n a l  t o  t h e  s i n e  and t o  t h e  c o s i n e  of t h e  
n a c e l l e  inc idence  cyc l e .  The . ro tor  speed s e n s o r s  s h a l l  be 
proximi ty  swi tches  i n  t h e  t r ansmis s ion  provid ing  p u l s e s  t h e  
f requency of which i s  p r o p o r t i o n a l  t o  r o t o r  speed.  
5.1.2 System Performance 
System g a i n ,  s chedu le ,  and t r a n s f e r  f u n c t i o n  a c c u r a c i e s  s h a l l  
be m e t  over  t h e  range of environments de f ined  i n  Paragraph 3 ; 4 .  
Components s h a l l  be des igned  s o  t h a t  t h e  o v e r a l l  system meets 
t h e  requirements  de f ined  i n  S e c t i o n  6 .3 .1 .  
5.1.3 Redundancy 
a .  The Direct E l e c t r i c a l  Link (DEL) s h a l l  be a t  leas: s i n g l e  
f a i l  o p e r a t i v e  f o r  any f a i l u r e .  E l e c t r i c a l  supply f a i l u r e s  
s h a l l  be considered a s  f a i l u r e s  of t h e  DEL. 
b. A l l  f a i l u r e s  caus ing  l o s s  of  one DEL channel  s h a l l  be 
d e t e c t e d  and immediately d i sp l ayed .  
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c .  A f a i l e d  channel  s h a l l  be a u t o m ~ t i c a l l y  removed from t h e  
system a s  soon a s  necessary  t o  main ta in  f l i g h t  c o n t r o l  oper-  
a t i o n .  
d .  F a i l u r e  d e t e c t i o n  and warn ing /d i sp lay  l o g i c  s h a l l  be  
d u a l i z e d  where neces sa ry ,  t o  meet r e l i a b i l i t y  requi rements .  
e.  The a l l owab le  t r a n s i e n t  due t o  a  f a i l u r e  s h a l l  meet t h e  
requi rements  of Paragraph 3.1 .4 .  
5.1.4 R s i i a b i l i t y  
The o j e r a l l  system s a f e t y  r e l i a b i l i t y  of t h e  PFCS s h a l l  be a s  
de f ined  i n  Paragraph 3 . 3  f o r  a  two-hour f l i g h t .  R e l i a b i l i t y  
s h a l l  be demonstra ted by a n a l y t i c a l  methods based on known 
f a i l u r e  r a t e s  of components used i n  t h e  des ign .  The r equ i r ed  
redundancy l e v e l  s h a l l  be  adopted t o  meet t h i s  r e l i a b i l i t y  
requi rement .  
5 . 1 . 5  Implementation Options 
The fo l lowing  o p t i o n s  s h a l l  be a v a i l a b l e  f o r  t h e  des ign  of  
t h e  DEL e l e c t r o n i c s .  
a .  Analog s e n s o r s  and s i g n a l  p roces s ing ,  i nc lud ing  c o n t r o l  
s chedu l ing .  
b. D i g i t a l  s e n s o r s  and s i g n a l  p roces s ing .  
c .  A combination of analog and d i g i t a l  s i g n a l  p roces s ing  
and s e n s o r s .  
I f  t h e  d i g i t a l  implementation o p t i o n  i s  adopted ,  a d e t a i l  
so f tware  development and c o n t r o l  de s ign  must be inc luded  w i t h  
t h e  hardware des ign .  Gener ic  f a i l u r e s  such a s  computer over-  
f low must be covered i n  t h e  des ign .  
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5.1.6 Diaqnos t ics  
5.1.6.1 Fa i lu re  - Detec t ion  and Display.  The DEL s h a l l  c o n t a i n  
t h e  c a p a b i l i t y  t o  d e t e c t  and d i s p l a y  any n a l f u n c t i o n  caus ing  
unsa fe  o p e r a t i o n  o r  deg rada t ion  of o p e r a t i o n  occur ing  i n  t h e  
primary f l i g h t  c o n t r o l  system,  i nc lud ing  a c t u a t o r  f a i l u r e s .  
5.1.6.2 Bui l t - In-Tes t  Equipment ( B I T E ) .  The DEL s h a l l  have 
s u f f i c i e n t  b u i l t - i n  tes t  equipment t o  l o c a l i z e  any f a i l u r e  t o  
a l i n e  r e p l a c e a b l e  u n i t  (LRU) . 
5.1.6.3 System Checkout. The maintenance u n i t ,  i n  con junc t ion  
w i t h  t h e  BITE, s h a l l  p rovide  t h e  c a p a b i l i t y  t o  check o u t  t h e  
s a f e  o p e r a t i o n  of each  channel  of t h e  primary f l i g h t  c o n t r o l  
system and i s o l a t e  any f a i l u r e  p r e s e n t  i n  t h e  primary f l i g h t  
c o n t r o l  system t o  a l i n e  r e p l a c e a b l e  u n i t .  Upon i n i t i a t i o n ,  
t h e  checkout s h a l l  proceed a u t o m a t i c a l l y  u n t i l  completion o r  
u n t i l  a f a i l u r e  has  been d e t e c t e d .  
5.1.6.4 Maintenance. The r o u t i n g  checkout  and i s o l a t i o n  of 
I 
f a i l u r e s  t o  an LRU s h a l l  be performable  b y a n y  e l e c t 2 o n i c  
maintenance a i r c r a f t  t e c h n i c i a n .  The ,:aubleshooting an6 
r e p a i r  of  an LRU a f t e r  removal s h a l l  be performed by des igna ted  
s u p p l i e r  personnel .  
5.1.7 T e s t  Support .  Because t h e  DEL i s  p a r t  of a r e s e a r c h  
and development a i r c r a f t ,  it s h a l l  l end  i t s e l f  t o  changes of 
c i r c u i t  parameters  du r ing  both ground and f l i g h t  tests wi th  
minimal t ime l o s s .  One day e l apsed  t i m e  f o r  any change and 
checkout  a f t e r  change s h a l l  be a g o a l  i n  t h e  packaging des ign .  
No decaded parameters  s h a l l  be accep tab le .  A l l  changes of 
A I I I -  3 1 
D210-11360-1 
parameters shall be realized by hard-wiring and reliable 
workmanship in accordance with applicable military standards. 
5.2 ACTUATORS 
This section establishes the performance, design, and 
development for the servo actuator assembly ( S A A ) .  The design 
requirements are applicable to both the aerodynamic surface 
and the swashplate servo actuators. The testing requirements 
will be limited to accomplishnent of airworthiness substan- 
tiation. Closed loop performance of the actuator, as part 
of the Direct Electrical Linkage System (DELS), is specified 
in Section 5.1. 
5.2.1 End Item Usage. The servo actuator will be used as the 
output element of the DELS. 
5.2.2 Item Description. Flight control system power actuation 
consists of ten electrohydraulic actuators for control of the 
rotors and the aerodynamic surfaces. The force feel and 
pitch trim actuators shall be the same as are used in the 
mechanical flight control system of the XV-15. 
The Servo Actuator Assembly (SAA) shall consist of an electro- 
hydraulic contro: stage actuator integrally manifolded to a 
dual system power stage actuator with a single mechanic21 
output. This assembiy converts electrical signals from the 
DELS control unit into mechanical output motions. 
5.2.3 Description. Three servo actuator assemblies are lc i ted  
at each rotor head as shown in Figure A 3 . 9 .  Each rotor head 
is independently provided with two Type I1 hydraulic systems 







1 FOR + l a  Ale 
I WITH 30' COLLECTIVE PITCH 
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ACTUATOR - INCHES 
A 1 B I C 
FIGURE A 3 . 9 .  ACTUATOR LOCATION/KINEMATICS AIII-33 
FOR + l o  Blc EXT. . l o 9 5  
FOR + l a  COLLECT1 EXT. .0828 INCHES 
PITCH 
RET. .0768 EXT. .0187 
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wh i l e  a  t h i r d  Type I1 system i s  common t o  both heads.  One 
independent system s u p p l i e s  h a l f  of t h e  d u a l  power s t a g e  of 
each  SAA; t h e  second system s u p p l i e s  t h e  o t h e r  h a l f .  The 
t h i r d  system can be s e l e c t e d  by ;he p i l o t  t o  backup e i t h e r  
channel .  I t s  engagement is a l s o  condi t ioned  by DELS l o g i c .  
A l l  s i x  r o t o r  c o n t r o l  a c t u a t o r s  a r e  i d e n t i c a l .  De ta i l ed  d i f f -  
e r ences  i n  p i s t o n  a r e a ,  manifolding and poss ib ly  e l e c t r i c a l  
connec t ions  w i l l  be allowed f o r  t h e  aerodynamic s u r f a c e  c o n t r o l  
a c t u a t o r s .  Two a c t u a t o r s  a r e  used f o r  t h e  f l a p e r o n s  and one 
each f o r  t h e  e l e v a t o r  and rudder .  
5 . 2 . 4  Design. The envelope of t h e  a c t u a t o r  s h a l l  n o t  exceed 
t h e  dimensions given i n  F igure  A 3 . 1 ~ .  I f  p o s s i b l e ,  t h e  
t h i c k n e s s  of t h e  a c t u a t o r  should be reduced. I d e a l l y ,  t h e  
a c t u a t o r  should f i t  i n  an annulus whose inne r  and o u t e r  r a d i i  
a r e  10 inches  and 1 4 . 5  i n c h e s ,  r e s p e c t i v e l y .  Two cand ida t e  
c o f i g u r a t i o n s  have been cons idered .  A dua l  d r i v e r / d u a l  boos t  
des ign  Is desc r ibed  i n  t h e  fo l lowing  t e x t  and i s  considereG 
more d e s i r a b l e .  A t r i p l e  d r i v e r / d u a l  boos t  c o n f i g u r a t i o n  may 
be r e q u i r e d  t o  meet t h e  r e l i a b i l i t y  and m a i n t a i n a b i l i t y  re- 
quirements .  
Gervo loop performance and f u n c t i o n a l  hardware d e s c r i p t i o n s  
fo l low f o r  t h e  d u a l  d r i v e r / d u a l  boos t  des i an .  Note t h a t  t h e  
envelope requirements  a r e  de f ined  i n  F igure  A3.10. S i m i l a r  
des ign  p r a c t i c e s  and t echn iques  should Le used f o r  e i t h e r  
t h e  d u a l  d r i v e r / d u a l  boos t  o r  t h e  t r i p l e  d r i v e r / d u a l  boos t .  

































5 .2 .5  Servo Performance. F igure  A 3 . l l i s  a  block diagram 
of t h e  s e r v o  a c t u c t o r  s e r v o  loop.  When t h e  a c t u a t o r  i s  a t  
rest ,  t h e  c o n t r o l  s t a t e  p i s t o n  and t r ansduce r  a r e  n u l l ;  t h e  
power s t a g e  p o s i t i o n  t r ansduce r  matches t h e  a c t u a t o r  command. 
When t h e  a c t u a t o r  command changes,  t h e  c o n t r o l  s t a g e  p i s t o n  
assumes a  p o s i t i o n  p r o p o r t i o n a l  t o  t h e  genera ted  e r r o r .  
This  causes  t h e  power s t a g e  va lve  and p i s t o n  movement, which 
reduces  t h e  s e r v o  a m p l i f i e r  e r r o r  t o  ze ro ,  and t h e  a c t u a t o r  i s  
aga in  a t  rest. The two-stage des ign  e f f e c t i v e l y  decouples  
c o n t r o l  and power s t a g e s  s o  t h a t  t h e  redundancy management 
can be handled i n  t h e  c o n t r o l  s t a g e  where t h e  r o t o r  l oads  a r e  
no t  r e f l e c t e d  and cannot upse t  t h e  redundancy management. 
5 .2 .6  Actuator  Funct iona l  Desc r ip t ion .  F igure  A 3 . 1 2  i s  a  
block diagram of t h e  s e r v o  a c t u a t o r .  Servo a m p l i f i e r  c u r r e n t  
p o s i t i o n s  t h e  j e t  p ipe  of t h e  s i n g l e - s t a g e  e l e c t r o h y & r a u l i c  
va lve  (EHV) which produces p r e s s u r e  and flow p r o p o r t i o n a l  t o  
c u r r e n t .  The CHV flow moves t h e  c o n t r o l  s t a g e  p i s t o n  which, 
i n  t u r n ,  p o s i t i o n s  t h e  power va lve  v i a  an an t i - jam bungee and 
f o r c e  summing l i n k .  Power s t a g e  ou tpu t  v e l o c i t y  i s  propor- 
t i o n a l  tc p i e r  s t a g e  va lve  p o s i t i o n .  L inear  v a r i a b l e  d i f f e r -  
e n t i a l  t r ans fo rmers  (LVDT) a r e  provided t o  measure power and 
c o n t r o l  s t a g e  p i s t o n  p o s i t i o n s .  These t r a n s d u c e r s  c l o s e  t h e  
loops a s  d i scussed  i n  t h e  prev ious  paragraph.  D i f f e r e n t i a l  
p r e s s u r e  t r a n s d u c e r s  measure t h e  c o n t r o l  s t a g e  p i s t o n  f o r c e  
which se rve  a s  a  c o n t r o l  s t a g e  performance monitor .  The 































































































































































c o n t r o l  s t a g e  p i s t o n s ,  i n t e r m e d i a t e  l i n k a g e ,  o r  power s t a g e  
va lve .  S u f f i c i e n t  o v e r t r a v e l  i s  provided i n  t h e  c o n t r o l  s t a g e  
p i s t o n  and an t i - j am bungee t o  a l low f u l l  recovery  from a  
c o n t r o l  s t a g e  jam a t  t h e  f u l l  power s t a 5 e  v a l v e  d i sp lacement .  
The on ly  change under t h e s e  c o n d i t i o h s  w i l l  be a  50 p e r c e n t  
r e d u c t i o n  i n  c o n t r o l  s t a g e  loop g a i n .  The system w i l l  be 
designed t o  t o l e r a t e  t h i s  c o n d i t i o n  w i th  no change i n  power 
loop s t a b i l i t y .  
5 .2 .7  Func t iona l  I n t e r f a c e .  The f u n c t i o n a l  i n t e r f a c e  between 
t h e  SAA,  t h e  DELS c o n t r o l  u n i t ,  t h e  e l e c t r i c a l  and h y d r a u l i c  
power s u p p l i e s ,  and t h e  mechanical  ou tpu t  a r e  shown i n  block 
diagram fern i n  F igure  ~ 3 . 1 2 .  Each of t h e  DELS c o n t r o l  u n i t s  
w i l l  p rov ide  an e l e c t r i c a l  c u r r e n t  s i g n a l  t o  each e l e c t r o -  
h y d r a u l i c  v a l v e  ( c u r r e n t  summing). The LVDTs of t h e  a c t u a t o r c  
w i l l  p rov ide  i n f o m a t i o n  t o  i t s  r e s p e c t i v e  c o n t r o l  u n i t  about  
t h e  a c t u a t o r  p i s t o n  position, se rvo -va lves ,  and d i f f e r e n t i a l  
p r e s s u r e  s enso r .  
5 .2 .8  Performance.  The s e r v o  a c t u a t o r  s h a l l  be conf igured  t o  
meet t h e  fo l lowing  requirements .  Methods used t o  l i m i t  per-  
formance s h a l l  be  approved by Boeing V e r t o l .  I t  s h a l l  be  a 
des ign  o b j e c t i v e  t o  minimize t h e  c o s t  of producing th: two 
c o n f i g u r a t i o n s ;  t h e  vendor should propose a l t e r n a t i v e  methods 
f o r  Boeing 's  review. 
5.2.8.1 Rotor Con t ro l  Funct ion 

Stroke +3.00 - inches 
No Load Velocity : + - 2.5 in./sec 
Fatigue Load: -1,049 lbs + - 960 lbs 
Limit Load:. -2,589 lbs (compressive) 
Stall Force (single system) :+ 2,600 lbs 
Stall Force: + - 5,200 lbs 
5.2.e.2 Aerodynamic Surface Function 
Stroke :+ - 2.00 inches 
No Load Velocity: + - 5.94 in./sec 
Stall Force (single system F % 915 lbs 
Stall Force: - + 1,820 lbs 
5.2.8.3 Stroke Limits. The actuator shall have the capability 
of being driven at full speed into the fully extended or fully 
retracted position without external st.ops. 
5.2.9 Environmental Conditions. The SAA shall meet the re- 
quirements of this specification during and/or following 
exposure to any combination of the environmental conditions 
described below. 
5.2.9.1 Altitude. Operation without degradation of perfor- 
mance throughout a pressure altitude range of -200 to +20,000 
feet ASL per MIL-STD-810B. 
5.2.9.2 Ambient Temperature. Operation throughout an ambient 
temperature range of -65 to +I60 degrees F. 
5.2.9.3 Temperature Shock. Sudden changes in temperature 
of the surrounding atmosphere per NIL-STD-8iOB. 
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5.2.9.4 Humidity.  O p e r a t i o n  i n  a warm, h i g h l y  humid atmos- 
p h e r e  s u c h  a s  e n c o u n t e r e d  i n  t r o p i c a l  a r e a s  p e r  MIL-STD-810B. 
5 .2 .9 .5  S a l t  Foq. O p e r a t i o n  i n  an  a tmosphere  c o n t a i n i n g  
s a l t  l a d e n  m o i s t u r e  p e r  MIL-STD-810B. 
5.2.9.6 Sand and Dust .  O p e r a t i o n  i n  a d u s t  ( f i n e  s a n d )  l a d e n  
a tmosphere  p e r  MIL-STD-8108. 
5.2.9.7 - Rain.  O p e r a t i o n  i n  a r a i n  environment  p e r  IIIL-STD- 
5.2.9.8 Immersion. O p e r a t i o n  a f t e r  immersion i n  h y d r a u l i c  
f l u i d  a t  a  t e m p e r a t u r e  of  + 2 7 5 O  p e r  lIIL-C-5503. 
5.2.9.9 V i b r a t i o n .  O p e r a t i o n  d u r i n g  e x p o s u r e  t o  dynamic 
v i b r a t i o n  stresses r e p r e s e n t e d  by t h o s e  t es t s  of  FIIL-STD- 
810B, Method 514.1,  P r o c e d u r e  I ,  P a r t  1, Equipment Category 
(A) , t o  i n c l u d e :  
a .  Resonance s e a r c h  
b. Resonance d w e l l  
c. C y c l i n g  
5 .2 .9 .10 Mechanical  Shock. O p e r a t i o n  a f t e r  e x p o s u r e  t o  a 
mechan ica l  shock environment  s i m i l a r  t o  t h a t  e x p e c t e d  i n  
h a n d l i n g ,  t r a n s p o r t a t i o n ,  and s e r v i c e  u s e  p e r  MIL-STD-81OB. 
5.2.10 R e l i a b i l i t y .  The s w a s h p l a t e  a c t u a t o r  s h a l l  be  c a p a b l e  
o f  meet ing r e l i a b i l i t y  r e q u i r e m e n t s  a s  f o l l o w s .  
5 . 2 . 1 0 . 1  The s w a s h p l a t e  s e r v o a c t u a t o r ,  e x l c u d i n g  t r u n n i o n  and 
o u t p u t  rod  e n d ,  s h a l l  e x h i b i t  a f l i g h t  s a f e t y  r e l i a b i l i t y  of  
.99999999623, a  m i s s i o n  r e l i a b i l i t y  o f  .99877,  and a main- 
t e n a n c e  m a l f u n c t i o n  r e l i a b i l i t y  o f  ,978 f o r  a  f l i g h t  of  two 
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hours  d u r a t i o n .  F e a s i b i l i t y  demons t ra t ion  of t h i s  requirement  
s h a l l  c o n s i s t  of a n a l y t i c a l  p red ic t . .  ms u t i l i z i n g  t h e  t echn iques  
desc r ibed  i n  t h i s  s e c t i o n .  
5 .2 .10.2  A s i n g l e  s e r v o a c t u a t o r  i n c l u d e s  c y l i n d e r s ,  s e rvova lves ,  
and d i r e c t  a u x i l i a r y  hardware r e q u i r e d  t o  p rov ide  c o n t r o l  
motion t o  a  s i n g l e  swashpla te  s e r v o a c t u a t o r  p o s i t i o n .  S p e c i f i -  
c a l l y  excluded a r e  e l e c t r i c a l  and h y d r a u l i c  power s u p p l i e s  
and c o n t r o l / s e r v o  e l e c t r o n i c s .  
5.2.10.3 In  o r d e r  t o  p rov ide  a  complete d a t a  package necessary  
f o r  p roper  e v a l u a t i o n ,  s e p a r a t e  models and p r e d i c t i o n s  s h a l l  
be gene ra t ed  f o r  t h e  fo l lowing  r e l i a b i l i t y  o b j e c t i v e s :  
a .  For r e l i a b i l i t y  computat ions ,  a  f l i q h t  s a f e t y  l o s s  i s  
de f ined  a s  a  f a i l u r e  which r e s u l t s  i n  l o s s  of an SAA func t ion  
o r  danage t o  o t h e r  a i r c r a f t  equipment by a c t u a t o r  mal func t ions  
(e .g . ,  a c t u a t o r  on f i r e  bu t  s t i l l  o p e r a t i n g  i s  cons idered  a 
f l i g h t  s a f e t y  l o s s )  . 
b. Mission a b o r t  r e l i a b i l i t y  (whenever a  f a i l u r e  occurs  such 
t h a t  a  subsequent  f a i l u r e  could cause  a  f l i g h t  s a f e t y  l o s s ,  a  
miss ion  a b o r t  i s  r e q u i r e d ) .  
c .  Yaintenance mal func t ion  r e l i a b i l i t y  (any f a i l u r e  which 
r e q u i r e s  a  na in t enance  a c t i o n ,  r e g a r d l e s s  of f u n c t i o n a l  e f f e c t ,  
i s  a  maintenance ma l func t ion )  . 
5.2.11 M a i n t a i n a b i l i t y .  The SAA s h a l l  be  des igned  f o r  LRG 
replacement  a t  t h e  f l i g h t  l i n e .  Routine chackout of t h e  DELS 
s h a l l  be conducted us ing  t h e  DELS f a i l u r e  s ta tus /BITE 
panel s . 
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5.2.11.1 Interchangeability. Interchangeqbility per PIIL-I- 
8500 shall exist between all units and replaceable assemblies, 
subassemblies, and parts for all equipment delivered on this 
contract. (Not applicable to detail parts of matched 
assemblies) . 
5.2.11.2 Ground Support Equipment. Routine daily maintenance 
of the SAA shall be accomplished with standard hand tools 
available in the U.S. Army General Aircraft Mechanic's Tool 
Kit. No special tools or support equipment shall be required 
for work performed at organizational and direct support level 
maintenance. 
5.2.11.3 Maintainability Requirements. The following main- 
tainability requirements shall be incorporated: 
a. The SAA shall be interchangeable as an LRU (line replace- 
able unit). 
b. Servoactuators shall be removed for maintenance only 
"on condition". No scheduled removals shall be required. 
c. Scheduled visual inspection intervals shall be no less 
than ten flight hours. 
d. No servicing shall be necessary between inspection periods. 
e. Servoactuator nameplate shall be displayed at a location 
as defined in envelope drawing. 
f. servoactuators shall be prerigged; with no calibration 
requirement following installation. 
g. The SAA shall incorporate suitable handling points to 
permit attachment to sling tc raise and lower the assembly. 
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h .  The drawing number requi rements  of MIL-D-1000 s h a l l  
govern changes i n  manufac tu re r ' s  p a r t  numbers. 
i. The SAA rod  and bea r ing  and/or assembly s h a l l  be f i e l d  
r e p l a c e a b l e .  
5.3 ROTOR SPEED SENSOR 
Rotor speed sens ing  s h a l l  be accomplished by proximi ty  
swi t ches  l o c a t e d  i n  t h e  t r ansmis s ion  g e a r i n g .  The swi t ch  
s h a l l  p rov ide  4 0  p u l s e s  pe r  g e a r  r e v o l u t i o n ,  which i s  equiva-  
l e n t  t o  174.2 p u l s e s  per  r o t o r  r e v o l u t i o n .  The p u l s e  charac-  
t e r i s t i c s  such a s  ampli tude and width and source  impedance 
s h a l l  be determined du r ing  t h e  d e t a i l  de s ign  pahse of t h e  
system. 
The number of  r o t o r  speed s e n s o r s  r e q u i r e d  s h a l l  be determined 
by t h e  redundancy l e v e l  chosen i n  accordance w i t h  Sec t ion  5.1.3 
of t h i s  appendix.  
5 . 4  NACELLE I N C I D E N C E  SENSOR 
The n a c e l l e  i nc idence  s e n s o r  s h a l l  be a synchro e x c i t e d  from 
t h e  c o n t r o l  u n i t  i n t e r n a l  A/C supply and provid ing  an o u t p u t  
p r o p o r t i o n a l  t o  t h e  s i n e  of t h e  n a c e l l e  i nc idence  ang le .  The 
c o n t r o l  u n i t  o u t p u t  s h a l l  be  adapted t o  d r i v e  t h e  e x i s t i n g  
n a c e l l e  p o s i t i o n  d i s p l a y  and asymmetry d e t e c t i o n  system. 
5 . 3  E N G I N E  N1 CONTROL ACTUATOR 
Provides  c o n t r o l  of eng ine  power t u r b i n e  i n  response  t o  s i g n a l s  
from power l e v e r  and t h r u s t  management p o r t i o n  of t h e  primary 
f l i g h t  c o n t r o l  system. Use of e x i s t i n g  a c t u a t o r  i s  d e s i r e d .  
CH-47C a c t u a t o r  pe r  Boeing V e r t o l  S p e c i f i c a t i o n  D8-2501 i s  a 
cand ida t e .  
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6.0 STAB1 LITY AND CONTROL AUQIEPJTATION SYSTE!? (SCAS ) 
6 . 1  DESCRIPTION 
The SCAS provides  s h o r t  and long  term a i r c r a f t  s t a b i l i z a t i o n  
about  t h e  p i t c h ,  r o l l ,  and yaw axes  and augmentation of  cock- 
p i t  c o n t r o l  i n p u t s  t o  enhance a i r c r a f t  maneuverab i l i ty .  It 
a l s o  provides  f o r  g u s t  a l l e v i a t i o n  i n p u t s  t o  t h e  pr imary 
s y s  tern. 
6.1.1 Longi tud ina l  SCAS. The l o n g i t u d i n a l  SCAS t r a n s f e r  
block diagram is shown i n  F igu re  A3.13. P i t c h  r a t e  and p i t c h  
a t t i t u d e  a r e  programmed a s  f u n c t i o n s  of a i r s p e e d  t o  p rov ide  
l o n g i t u d i n a l  s t a b i l i t y .  Cockpi t  c o n t r o l  quickening i n  t h e  
l o n g i t u d i n a l  a x i s  is a l s o  provided.  
6.1.2 L a t e r a l  SCAS. The l a t e r a l  SCAS t r a n s f e r  block diagram 
is  shown i n  F igu re  A3.14. Rol l  r a t e ,  r o l l  a t t i t u d e ,  and 
s i d e s l i p  a r e  t h e  parameters  sensed and processed t o  provide  
l a t e r a l  s t a b i l i z a t i o n .  Cockpit  c o n t r o l  quickening i n  t h e  
l a t e r a l  a x i s  i s  provided a t  low a i r s p e e d s .  
6.1.3 D i r e c t i o n a l  SCAS. The d i r e c t i o n a l  SCAS t r a n s f e r  block 
diagram i s  provided i n  F igure  A3.15. Yaw r a t e ,  yaw a t t i t u d e ,  
and s i d e s l i p  a r e  t h e  parameters  used f o r  s t a b i l i z a t i o n .  Turn 
coo rd ina t ion  and r o l l  i n t o  yaw c r o s s  coupl ing  o p e r a t i o n  a r e  
a l s o  p r o h i b i t e d  through t h e  p roces s ing  of r o l l  bank ang le  and 
r o l l  r a t e .  Cockpi t  c o n t r o l  quickening i n  t h e  yaw a x i s  i s  
a l s o  provided.  
6.1.4 Logic. The l o g i c  c o n t r o l l i n g  t h e  l a t e r a n  and d i r e c t i o n -  
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6 .1 .5  Gust A l l e v i a t i o n .  System s e n s i n g  and t r a n s f e r  
f u n c t i o n s  are b e i n ?  d e f i n e d .  S e n s i n g  c o u l d  be  v e r t i c a l  
a c c e l e r a t i o n ,  p i t c h  a c c e l e r a t i o n ,  o r  a n g l e  o f  a t t a c k .  S e n s o r  
s i g n a l  t o  b e  p r o c e s s e d  t h r o u g h  a  f i l t e r  s u c h  as shown i n  
F i q u r e  A3.17 and i n p u t  t o  f l a p s  and/or  e l e v a t o r .  Assume 
SCAS u n i t  i n c o r p o r a t e s  t h r e e  such  f i l t e r s .  
6 .2  SYSTEM PEFSORI'wlCE 
6 . 2 . 1  Svstem A c c u r a c i e s .  System g a i n ,  s c h e d u l e ,  and t r a n s f e r  
f u n c t i o n  a c c u r a c i e s  s h a l l  be  met o v e r  t h e  r a n g e  of env i ronments  
d e f i n e d  i n  P a r a g r a p h  3 . 4 .  
6.2 .2  S t e a d y  S t a t e  Accuracy.  The s t e a d y  s t a t e  a c c u r a c y  o: 
SCAS s h a l l  be  F p e r c e n t  o r  b e t t e r .  For  a  g i v e n  c o n t r o l  i n p u t ,  
t h e  a c c u r a c y  i s  d e f i n e d  a s  t h e  p e r c e n t a g e  d i f f e r e n c e  between 
t h e  d e s i r e d  a c t u a t o r  command v o l t a g e  and t h e  a c t u a l  command 
v o l t a g e .  The above a c c u r a c i e s  i n c l u d e  t h e  s c h e d u l e  a c c u r a c i e s .  
6 . 2 . 3  N u l l  Accuracy.  The t o t a l  s t e a d y  s t a t e  n u l l  a c c u r a c y  
a s s o c i a t e d  w i t h  t h e  SCAS from s e n s o r  i n p u t s  t o  a c t u a t o r  command 
s h a l l  b e  . 5  p e r c e n t  f u l l  scale. 
6 .2 .4  R e s o l u t i o n .  R e s o l u t i o n  i s  d e f i n e d  a s  t h e  minimum change 
i n  c o n t r o l  i n p u t  r e q u i r e d  t o  o b t a i n  a c t u a t o r  command change.  
The r e s o l u t i o n  ( e q u a t e d  t o  a c t u a t o r  command chanqe)  s h a l l  n o t  
exceed  .1 p e r c e n t  f u l l  s c a l e .  
6 .2 .5  System H y s t e r e s i s .  H y s t e r e s i s  w i t h i n  t h e  SCAS s h a l l  
n o t  exceed .1 p e r c e n t  f u l l  s c a l e .  
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6 . 2 . 6  Frequency Response. The l i n e a r  r a n g e  f r e q u e n c y  
r e s p o n s e  of  e a c h  of  t h e  t r a n s f e r  p a t h s  ( s e n s o r  i n p u t  t o  
a c t u a t o r  command) s h a l l  be  f l a t  t o  w i t h i n  + - 1 db and w i t h i n  
+ l o 0  phase  s h i f t  t o  5 r a d i a n s  p e r  second where no  f i l t e r i n g  
- 
i s  r e q u i r e d .  Where f i l t e r i n g  i s  r e q u i r e d ,  t h e  f r e q u e n c y  
r e s p o n s e  g a i n  s h a l l  be w i t h i n  + - 2 d b  and phase  s h i f t  s h a l l  be 
w i t h i n  - + 10' o f  t h e  t h e o r e t i c a l  v a l u e .  
6 . 3  RBDUNDANCY 
a .  The SCAS s h a l l  be a t  least  s i n g l e  f a i l  o p e r a t i v e  f o r  any 
f a i l u r e .  
b. A l l  f a i l u r e s  c a u s i n g  l o s s  o f  one  SCAS c h a n n e l  s h a l l  be 
d e t e c t e d  and irr inediately d i s p l a y e d .  
c.  The a l l o w a b l e  t r a n s i e n t  due  t o  a f a i l u r e  s h a l l  meet t h e  
r e q u i r e m e n t s  of Pa ragraph  3 . 1 . 4 .  
6 . 4  RELIABILITY 
- -
The ~ v e r a l l  sys tem r e l i a b i l i t y  of t h e  SCAS s h a l l  be .999 f o r  a 
two-hour f l i g h t  p e r  SCAS c h a n n e l .  R e l i a b i l i t y  s h a l l  be 
demons t ra ted  by a n a l y t i c a l  methods based  on known f a i l u r e  r a t e s  
o f  coniponents used i n  t h e  d e s i g n .  The r e q u i r e d  redundancy 
l e v e l  s h a l l  be  adop ted  t o  meet t h i s  r e l i a b i l i t y  r e q u i r e m e n t .  
6 . 5  II4PLEtENTATION OPTIO!dS - 
The f o l l o w i n g  o p t i o n s  s h a l l  b e  s u i t a b l e  f o r  t h e  d e s i g n  of  t h e  
SCAS e l e c t r o n i c s .  
a .  Analog s i g n a l  process in^. 
b .  E i g i t a l  s i g n a l  p r o c e s s i n g .  
c .  A combina t ion  of a n a l o g  and d i g i t a l  s i g n a l  p r o c e s s i n g .  
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The option can be also exercised if combining PFCS signal 
processing and SCAS processing in the same circuit axes or 
maintaining separation of the PFCS and SCAS electronics. 
7.0 REFERENCE SPECIFICATIONS AND DOCL'tENTS 
FAR xx Tentative Airworthiness Standards af 
Powered Lift Transport Category Aircraft, 
August 1970. 
NASA CR-151950 Preliminary Simulation of an Advanced Hinge- 
less Rotor XV-15 Tilt-Rotor Aircraft, 
Boeing Vertol, December 1976. 
Reliability Stress and Failure Rate Data 
for Electronic Equipment. 
Electronic Equipment, General Specifi- 
cations for. 
Environmental Test Methods. 
Hydraulic Systems Aircraft Types 1 and 
2, Design, Installation, and Data Require- 
ments for. 
Cylinders, Aeronautical, Hydraulics, 
Actuating, General Requiremen: for. 
Hydraulic Systen Components, Aircraft and 
Missiles, General Specification for. 
Procurement Specification, Proportianal N1 
Engine Control System. 
APPENDIX I V  
NASTRAN YODEL CONPUTER INPUT 
FOR 
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